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FOREWORD
In the preparation of this thesis on The Comparative
Anatomy of the Lungs it was found that some knowledge of the
natural history of the animals discussed was helpful in under-
standing the lung structure and adaptations for respiration.
For this reason, a very limited amount of natural history is
included.
The system of giving credit for the references is as
follows: if all the ideas in a paragraph were taken from one
article, the reference is listed after the close of the para-
graph; if credit is given for one sentence, the reference is
included in the sentence; if only one article on the topic was
available, as was often the case, credit is given in a footnote.
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COMPARATIVE ANATOMY OP THE LUNGS

INTRODUCTION
Need for oxygen
All forms of animal life require some means of securing
oxygen and removing carbon dioxide. This process Is called
respiration and Includes an external aspect or breathing, con-
cerned with the gaseous exchange of oxygen and carbon dioxide
between the blood and the water or air; and an Internal aspect
concerned with the transfer of these gases between the blood
and the cells of the body. The latter Is the effective part of
respiration that results in the oxidation of organic material,
releasing heat and energy.
The respiratory organs perform these functions and to do
so efficiently they must have the following essentials. (1) A
great area of thin richly vascular tissue exposed to the oxygen-
containing medium, water or air. This area must be extensive
enough and sufficiently permeable to Insure adequate osmosis of
gases for the organism concerned. (2) The tissue must be kept
moist in order to allow for thinness and permeability without
drying on exposure to the air. (3) There must be an adequate
mechanism for frequently changing the v;ater or air that Is In
contact with the respiratory surfaces, as neither the oxygen nor
the carbon dioxide of metabolism can be stored within the body.
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2How needs are met
These conditions are met in a variety of ways by different
animals* In simple forms there is no specialized respiratory
apparatus, simply a diffusion of oxygen through the skin into
the circulatory fluid and of carbon dioxide outward. In insects
there is a system of thin-walled tubes, tracheae, that begin
exteriorly in openings called spiracles and Internally branch
abundantly, carrying oxygen through the body to the cells.
Such methods as these are sufficient only for relatively
small and simple ’ animal forms. In vertebrates, where the bodies
are comparatively large and the covering rather impervious a
specialized apparatus for respiration developed. Most commonly
the respiratory organs take the form of local outgrowths called
gills or branchiae, adapted for aquatic respiration, or local
ingrowths of bags of folded membrane called lungs, fitted for
breathing air, A less common condition is the use of the ante-
rior or posterior ends of the alimentary canal for respiration,
and the use of the air-sac or swim-bladder in certain fishes as
an accessory organ of respiration.
Development of the respiratory system in vertebrates
Adams (1933) traces the development of the respiratory
system as it became specialized to meet the needs of the more
complex vertebrate structure. The mouth and throat region could
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do the respiratory work with the least modification since they
are located at the beginning of the digestive tube In close
contact v/ith the water. Originally, perhaps the entire digestive
tube shared in the respiratory function as suggested by the
rectal breathing of certain modern fishes. The gills with their
filaments or lamellae give the greatest exposure to the water,
and the gill pouches and slits further Increase the efficiency
by permitting a steady stream of water to pass through them.
The water passes in through the mouth to the pharynx, over the
gills and out under the operculum which protects the gills.
Oapillaries in the gills bring the blood near the water so that
exchange of gases is made easy.
The branchial system is found in all fishes and in some
amphibians. Any animal entirely dependent on gills dies when
changes in the water destroy the supply of oxygen. Therefore
another method developed in fish that live under adverse condi-
tions during part of the year. This began with modifications in
the air-sac or swim-bladder, a structure present in fishes above
the sharks. One of the many functions attributed to it is that
of an accessory organ of respiration, and in this capacity it is
used today by lung-fishes and a few others.
In all land and water tetrapods the lung is present with
the exception of the lungless salamanders, in which the lung has
been lost. These amphibians, living in swift mountain streams.
Carry on their respiration by capillaries in the walls of the
feonlQ noicr/«£>m6om cJewoI fcrf:t rf^lw ^(‘tow »riJ oJb
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, .'le.fA'w pr(:f xl3lw cf^B^noo
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.slXiS ©rid cdoodo'iq rioXriw mrluo'ieqo ©rid ‘labnt: dtro bnsx RlJlg
di?rid oc 'ledaw ©rid 'isen booXri ©rid grcX-rd eXIXg ©rid nl selncBiXiapC*
.^BB© ebam el eeeag lo ©gfiBilox:©
©mop. nX b«B ©©rieX'i XX© nX hnuot el Lslrioor'id eriT
neriwr eelb slX.lg no dnebndqeb \;X9'i.tdn© iBmXna vnA . erwldiflart^A
©*ro'le'i©riT .ns^Yxo lo ^XqauB ©rid -^oideeb rredaw ©rid nl ©©gnRrie
-Xbnoo ©sievda 'lebn.ij ©v£X darid risXl nX bsqoXovob borideia 'teridor.a
/fi aioldaoX'iiboaj ridXw nag^cf eiriT .iJ3©v ©rid -Jo dx-.^q gniwb cnoXd
©votfa ©aifgX'i nX dnsaonq ©iifdoi/Tde a , lebbBXri-miwe lo ©rid,
darid sX dX od bedwa'XiddB enoidonj/J ^nacri ©rid lo ©nO .©^irrarie erid
ftX dX ©Xrid nX bna .ncXdjB'iXqeaT xo nas'io X'^oceecoje na lo
^E'xerido w©*! b bne a9rip.X^,-gfif/X ycf ^abod bee/j
ridXw dnaae'xq eX / grrtrX ©rid Eboqaided ledaw bns bnsX XX a nl
eari gxitfC ©rid rioXri’.v nX
,
E'xebftiSftiBXaE seeXgrtjuX ©rid lo rroXdqaox© ©xfd
.axuBeide nXftdttuoflr dlXiva nX gnXvXI
,
extb XriXriqxtta ©eeriT .daoX rr^ed
©rid *10 ©XXaw arid nX a© X'laXXXqjso \;ri noXdfiiXqe©'! iXerid no
4pharynx and anus, and through the skin. Very few tetrapods have
lost the lungs.
Both gills and lungs may develop in the same individual but
are usually not functional at the same time.
With the development of lung-breathing, the gill slits
tended to close, sometimes remaining open in amphibians, but
always closed in higher animals which develop special breathing
passages through the throat and nose.
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AIR-BLADDERS
I
I
General structure
The air-bladder is found in all fishes except the sharks
and a few bottom living forms (Norman, 1931). It performs a
variety of functions but only its relation to air-breathing is
to be considered here. j'
!
I
Although the exact point of origin varies, the air-bladder
is derived in most cases from the dorsal wall of the anterior encj
I
of the digestive tube and shows the same three layers histologlc4
I
ally (Walter, 1928). It is located on the dorsal side of the
|
body cavity above the peritoneum, so the latter covers it on the i|
i'
ventral side only. It is between the vertebral column, aorta,
j
^
and kidneys on the dorsal side, and the alimentary canal on the
i'
I
ventral side. The length varies and often it extends from one
end of the body cavity to the other (Kingsley, 1921). The walls
|;
are composed of connective, elastic, and muscular tissue. i
Internally, the surface may be smooth or spongy.
As the air-bladder increases in size, it remains connected
to the gullet by only a narrow tube known as the pnetimatic duct
and corresponding to the trachea in higher animals (Norman, 1931)
•
Pishes are classed as physostoml if the pnevimatlc duct remains
||
open throughout life, and physocllstl if it closes or disappears
giving the bladder the form of a closed sac. Dipnoi belong to
the former group (Walter, 1928).
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Some fishes with a pneumatic duct can fill the bladder by il
i
swallowing air, and these come to the surface to gulp the air.
|
As a rule, however, the gas which entered the blood in the gills
is secreted from the blood in the anterior part of the swim-
bladder in the physostomous fishes and in the anterior chamber
in physoclistous fishes.
Goodrich (1930) makes the following distinction regarding
the secreting area. ”The more primitive structure found In
physostomous fishes, in which the gland is covered with a simple
flat epithelium has, together with its rete mirabile, been named '
the red body, while the higher type found in physoclistous fishes,
in which the gland is covered with thick glandular epithelium
thrown into folds or sunk in crypts is named the red gland.”
The "red gland" or "red body" produces free oxygen {O2 ) hy
the breaking down of red corpuscles (Walter, 1928). This oxygen
constitutes a large part of the gas that distends the s?/im-
bladder. In river fishes it is said (Jordan, 1905) to be mostly,
nitrogen; in marine fishes mostly oxygen; in deep sea fishes
oxygen greatly in excess.
The oxygen above what the fish requires escapes through
the pneumatic duct in all physostomous fishes. In physoclistous
fishes, the posterior chamber of thd swim-bladder is lined with
a Capillary network, the rete mirabile, through which the excess
gas is absorbed directly into the blood for removal by the gills.
(Walter, 1928).
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Specialized Air-bladders
I
A limited number of primitive fishes use the air-sac for
respiration. They include the Crossopterygii, whose only living
representative is Polypterus; Dipnoi represented by Ceratodus,
Lepidosiren, and Protopterus; Ganoldla represented by Amla and
,
Lepidosteus*
I
I
[
In all these the air-sacs are to some extent divided into
ialveoli, lined with blood vessels, and the pneumatic duct well
developed, freely admitting air. In most fishes the duct opens
into the esophagus from the dorsal side but in primitive forms,
except Ganoids, it enters from the ventral side like the windpipe
I
|of the higher vertebrates. The common types of air-bladders are
i
lillustrated in Pig. 1. Between the undivided air-bladders of
i
!
iAmla and Lepidosteus and the completely divided air-bladder of
Polypterus there are many degrees of bifurcation in the series
of fishes.
Ganoidla
1
I
Lepidosteus or American Garpike (Pig. 2). The air-bladder
is single and extends the entire length of the body cavity. The
anterior end connects dorsally by a glottis with a vestibule
that leads to the mouth (Pig. 3). Internally the lung is divided
in halves by a fibrous band located along the median inner sur-
Iface of the dorsal wall, from which extends ventrally a series of
! i
transverse flbro -muscular ridges that form the boundaries of a
eieiil>Bld-'TiA ^Bs/^plO0q8
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8double row of alveoli or recesses (Pig. 4). The bottom of each
alveolus is further subdivided thus increasing the respiratory
surface. (Cam. Nat. Hist. Vol. 7).
The air-bladder is probably a means of securing additional
oxygen while the gills accomplish most of the elimination of
carbon dioxide. Analysis of gases in the air-bladder shows that
I
I
carbon dioxide rarely exceeds two per cent.
|
Amla (American bov/-fin or mudfish .*^ The air-bladder is verj^
1
large and extends the entire length of the body cavity. It is a !
median sac and is unpaired except that a short median cleft
divides it in front into two short caeca, between which is the
'
large duct communicating dorsally with the esophagus.
On each side there is a sheet of striated muscle consisting
of two layers crossing each other like the internal and external
oblique muscles of the abdomen of mammals. This muscle sheath
serves to compress the air-bladder. No arrangement for its ex-
pansion has been detected and the experiments indicate that air
is forced backward from the mouth into the air-duct by movements
of the jaw, hyoid apparatus, and sides of the mouth.
The cavity of the air-bladder is so much divided that it can
be compared with the lungs of reptiles, since it is more lung-
!
like than lungs of salamanders and frogs. Its cellular network
i
is well vascularized.
^ Experiments by Wilder show that Amia occasionally exhales
i)ubbles of air and strongly Indicate that each exhalation is
Prom Wilder (1876)
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9followed by inhalation. These acts of aerial respiration are
more frequent when the water is foul, Amia will live longer out
of water than any other fish of American waters, longer even
than the horned pout or mud minnow.
I
Crossopterygii
Polypterus (Pig. 5), the only living representative of the
Crossopterygii, lives in sluggish waters and remains near the
muddy bottom. If the water is foul it rises to the surface to
gulp air, a part of which escapes through the gill openings.
Kerr (1910) brings out the following points about !
Polypterus. (1) The lung shows asymmetrical arrangement (Pig. 6).
The posterior half of the longer right lung is median in posltionl
It is only in the anterior half where it is balanced by the
shorter left lung that it bends toward the right. (2) Correlated
with the increased size of the right lung, the left vagus nerve
takes part in its innervation, the main branch passing across to
the right lung dorsal to the esophagus. (3) The ventral glottis
is not symmetrical in the adult in relation to the two lungs.
I
It has undergone a shifting toward the right side and is in line I
with the larger right lung.
Point one (above) is a forerunner of the condition found in
I
I
blpnol where the dorsal lung communicates with a ventral glottis
I
around the right side of the alimentary canal. Point two
;explains the peculiar crossing of the nerves in the lung of the
I
i
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lung-fishes where the pulmonary branch of the left vagus nerve
extends on to the actually right lung by a path which is dorsal
to the esophagus (Kerr, 1910).
|
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Near the anterior end the two lobes fuse into a single
chamber beyond which they project in the form of two short caeca.
Internally there is no division into alveoli.
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sturgeon and many other hony-fishes
Gar-pike (Lepidosteus) and
Bow-rin (amia)
1
Characin
Australian lung-fish (Ceratodus)
Bichir (Polypterus)
African lung-fish (Protopterus)
3. American lung-fish (Lepidosiren)
Reptiles, birds, mammals
i
Pig. 1.—Diagrams showing relation of air-bladder or lung
to gullet in different fishes. (Prom Norman.)
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IPig. 2.—Short-nosed gar-pike (Lepidosteus platystoraus )
.
I
(Prom Cam. Nat. Hist.)
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Pig. 3. -^Portion of air-
bladder with ventral wall
removed, and the glottis of
Lepidosteus
.
AB, air-bladder
CL, glottis
S, bulging of hinder w^all
of vestibule into cavity
of air-bladder
V, cleft leading from air-
bladder into vestibule
(Prom Wiedersheira.
)
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Pig. 4.—Portion of air-
bladder of Lepidosteus, opened
along mid-ventral line to show
alveoli.
AV, alveolus
PB, medio-dorsal fibro-
muscular band
(Prom Cam. Nat. Hist.)
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Fig. 5.—Polypterus senegalus, (Prom Cam. Nat. Hist.)
Pig. 6.—Air-bladder of Polypterus, (Prom wiedersheim.
)
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VERTEBRATES WITH LUNGS
1 Ji •
11
PISCES
Dipnoi (Lung-fishes)
Life and habits
. The transition from air-bladder to true
lungs which to some extent is indicated in Polypterus, Amia,
and Lepldosteus, is more marked in the Dipnoi (Cam. Nat. Hist.
Vol. 7) of which there are only three living genera (Fig. 7).
Lung-fish are called primitive fish, a term that refers to their
form, their internal characteristics, their lack of specializa-
tion in some respects and remarkable specialization in others
(Coates, 1937).
A knowledge of the characteristics and habits of the lung-
j
fish helps to explain the reason for structural modifications in
the respiratory system. Dipnoi possess both gills and lungs,
and are apparently between fishes and amphibians in classifica-
tion. They possess structural features not found in other
fishes but characteristic of amphibians, of which an air-bladder
that functions definitely as a lung is of interest here.
Lung-fish live in tropical regions where the streams gen-
erally dry in summer and the fish remain Inactive until the
rainy season. During the period of aestivation the gills are
not used for respiration, but instead, the pulmonary arteries
bring impure blood to the air-bladder which then functions as a
Vf
( aarfBlt-gnwJ) ioncftQ
fiij'ict o3 'i€thhpS6~ilQ tv.oT.'! uoli erfT » eJJt<Jnri br.a eltj
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eimA
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et;'ie;JqYlo^ nl beJaotbnt r.I Jij&Sro emoa Ov rtclriw agnuX
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.cJai.H .m.'iO) XonqlQ ail.t rrl bejf'Tsm 0*100: ai
, eofciqej hna
.(V .^ri) s'XhHQQ gnlvil oeirict
-^Xno ©*ts a'xerict riolrf» ':o (V .ToV
'iXeri^ oct 8*i?>l0^ cfsriJ iinect e ^riail ovl^Xml'iq dsIXbo otb riall-vaii/J
-BS tXaloeqe "io j/obX *iX0ilct
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EOl^e t*r0CtO£i*iBrIo XBrnoJirl 'ilerfd'
p.iarfd'o nl ao icffislXBXoeqe bnB aioaqee'T emoe fsX riol:t
.(VSfei ,?eJBoC))
-S-Ti/I er{:J lo sd’XcfBrf bna soXd’el'ieJoB'iBffo ori^ lo 0gJb©Xwon:X A
nt c.ncId'jaolJ tbom lfi'iv:fnp'r.&p. lol noRBO*! srfd- nIjeXqxs o:t aqXerf riail
^pgnirl bns BXXXa /liJod sassacq XonqlC ‘Y'Jcd’B'iXqae'i ©xi^
-BoX'iiepfiXo nX p'riBicfXrfqraB bna earfRx't nsewd'ed Y-f ©ib lob
'i 3 ff:to xtX bn;jo'!t d'on eS'XJjisGl: iB-tfdox/'icfe sReaR-oq ^©riT .field
*i0i>f>BXd
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tXb hb dolri* I0
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enjeXdXdqniB io oldp.X'iedrB'TBdo 3ud podel'l
. 8 *ion' dp.e'isdnX *^0 ei gni/X a rp x;I©dXnXl©b anotjonijl derld
©mas'ids ©rfd ©*i©r(w enoX8 ©rt X«oXqo*id nl evil riail-gnuJ
©rid XXdnif ©vidoanX nXwm©*! xleXl ©rid bna 'le^timuR nl yib ’^Xlan©
*•
©IB p.XXIg ©dv noidBvXdeaa lo boX*ieq ©rid gnlnrid .oopb^b
RB iiodiB '^'JBnomljjq orfd ^baedafiX ducT ^noldBiXqe©*! nol been don
B PB eno tdonj/i n^rfd rfoXriw ‘tebbsIri-nX© nrid od booXri e'inofr.X gnl^rri
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lung, althou^ both bronchi and trachea are absent.
When water is available it is often stagnant and impure.
The fish occasionally come to the surface to change the air in
the lungs. This enables them to exist in water unfit for fish
that breathe entirely with gills. If the medium in which the
fish happens to be is definitely unfit for breathing, the gills
cease to function; if only to a less degree the gills may con-
tinue to assist in respiration.
In one of the few recent articles on lung-fishes, Coates
(1937) says they are being studied at the present time in schools
of medicine because "during long periods of aestivation they con-
aume muscle tissue Instead of fat, as in most animals; produce
:iielanomas or colored cancerous growths ;.. .permit concentration
of urea in the blood in quantities 500 times greater than would
be poisonous for most other vertebrates.”
Ceratodus
^
- Ceratodus or Neoceratodus as the modern form is called is
^he Australian lung-fi4h whose discovery does not date back
further than 1870 (Gunther, 1871), This single species is res-
tricted to a small area in Queensland, where it is rigorously
jprotected by the government, and its capture and export forbid-
ken, so it is not likely to be exhibited or available for study.
This may explain the fact that no recent accounts are available,
and older records are based on examination often of a single
specimen.
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-rt'io /i-r. r
'
' fy^ ©©'t^efj pa.Mi' /< oJ yj r, . 'l ‘ Tr ^c^rra'I j p:)0
.'lolJfinl ’ :. ni .t-ii.-i* -linU
p©^.-'
,
fic jr’oo.s'r »e'l t‘i{S c e o j'I
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Gunther (1871) gives the most complete account of both the
habits and structure of Ceratodus. The animal lives in deep
pools that retain a fair supply of water even in summer. There-
^
fore Ceratodus makes no cocoon during the season of drought.
It is helpless out of the water because its weak limbs which
serve as paddles are not capable of sustaining the weight of the
body or assisting in movement on land.
Lung structure in Ceratodus
The lung is a single sac extending from one end of the
body cavity to the other. It occupies the middle of the dorsal
region, being firmly attached to and along each side of the
aorta.
Externally (Pig. 8) the surface sbovvs rounded prominences
corresponding to the internal chambers. Along the middle of
both the dorsal and ventral surfaces is a stripe of fibrous
tissue. Ventrally, the attachment between the lung and the
intestine is firmest along this stripe.
The pneumatic duct is short and opens into the pharynx by
a glottis on the ventral side, a little to the right of the
median line (Cam. Nat. Hist. Vol. 7).
On the inner surface (Pig. 9) the fibrous stripes project
slightly into the cavity of the lung. Between them extend a
number of transverse septa forming the boundaries of a series
of bilaterally symmetrical oval compartments or alveoli which
Oif.'^ rfdocf ‘lo ,i! oJ^Iqmoo Jsom ©dd efrvlg (X?8X) Tajrf:JnxjO
qe^3h at eevXX X>^m.tn^ '^*rfT - eu-octa'ieO lo ©'i.o'.-touirfe bi.ii
-©'leriT . 'TeaiBU/.'? rtf novo ioJbw lo ^Xqt'nfl nif?*! o rrXAd©*i j.idi rCoo^
.
^rf; ifO'ib lo rrossee snXix/b nooooo on eoi'l'sra fubo^ondU o'ro'i
rfoXrfw •irfr.rtX >isow ec»-i oai/aoed ne.tBw erl^ lo duo gcBCql^/f rjX
©ilc) lo ctdjjXow 9rl,-t gnXriXiO^Aus lo HlcfftqAo ^•ton enft f.olbbaq bu avrcee
.bnoX no ineoiavoif: nt no vbod
o'JboiB'teO nl snn.I
©fl:t lo Jbno ©no ijonl jinlbnsct’rd oes olgnlz a ai sni/I srfT
Ifenob. 8/li lo olbbtti ©dcJ aolqtjooo i:tI .nofi o -^dd od 'cdlvso ^bod
odd lo obifc doA© ^noCfi bnq o^ beriOBCt^v, '^X^anXl ^noX^on
. .ino3
aeonenlMonq bobni/on H//od,^ ooQlnjjB 9 ff:J (8 . 31 *?) -^^XlAnneuxa,
lo ©Xbblin 9.ifJ 3noXi .enadrucdo ffl/rna^nt edd oJ gnXbfroqsO’r'roc
eirondil lo a ei odbelni/e XoncJnov ^ne Xaanob '='a^ diod
odJ' bnA ynnl ©rict rr^ovcfed dneyfrio 'dda said
.
^Ifa dn'^V .bubbIJ
.-qX'iiB p.ldd gnoXB dasftinll et o/jldeednl
]:d xnviAdq odd o*lnX an©-jo bOQ :i‘ior{o si ;tojj5 ol:Jamn9nq ©dT
erfct Ic ctri^in od oi. )!£ ^ ,obl© .[a'xdnev ©rf.-* no slddof.^i
.(V .£oV .^aXH ,dBl* ,^^0) ©niX nAibara
^ooLonq eoq'tide anondtl ^id (i> 0OJ3ln;r8 -TAfrni ©dct nO
e bfioix© «T9dJ n©©w;t^>8
.^nifX ©ri:t lo \dlVBC add odut
es.t'tea « lo a© tnubnxroo' arid ^rriftnol ad’q.aB tjf>n©v»»/rftn^ lo ledtrjyn
doldw ilodvla no 3Jno.T!.tn»jqriroo Xavo r>iOin.-tdm!nve lo
;i .-x^
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open toward the median line of the lung (Cam. Nat, Hist. Vol. 7).
There are 28 on the left side and 33 on the right side, the lat-
'
ter extending further forward. The walls of the alveoli are
still further divided by a netv/ork of fine ridges into smaller
j
chambers
.
Ceratodus has the best developed branchial system among
Dlpnoans and therefore the simplest lung. It can breath© either
by gills or lungs alone or by both simultaneously.
I
i
Lepldosirenidae
I
Family Lepldosirenidae Includes both Lepidoslren and
Protopterus. The latter is found in the marshes of central
Africa, During the dry season it burrows about IR inches into
:the mud where a cocoon of slime is secreted, and here it remains
i
[inactive, connected with the surface by a small tunnel through
which it breathes air with its lungs, and remains until the
[rainy season comes again.
i
Lepidoslren lives in marshes and swamps of South America.
i
Like the African lung-fish it aestivates in the mud during the
dry season. It is frequently brought to New York by animal and
fish dealers from the equatorial belt of Brazil. In the hardened
!mud cocoon that encases it during the dry season it is easily
dug out of the stream bed and packed for transportation. When
placed in tepid water, the cocoon dissolves and the fish shortly
revives
.
(V , IoV .-l iJi .mF;0) ;-rn/C '**0 antf rrf'ihem .T^ao
-cti?C ofi.-t »ebfp. :J^l;s^'£ 't.Ij no f)fl hnn eMe f»/(d no 82 n'la n-: iI'a
Jt£o^vI« .^r!:t 'io nriT .h'law'ipl •leid-'ii;'! ^nthiij:}r >
‘tettf-pm odnt a^sbi'i eni'l 'lo >r^owden h batiJ.vlb •leddiul UI.ie
. e'lr-.'v/'Tiaiio
^fioi.ti' Ifltrfort'^'rd t . jolevr'l) .'ta*?cf 'rf! pad cubOv.-i t^O
led^io ftrfd’BO'icf npo Jl .srrtrX *lp:?IqmhR 9^o'lo•Te£^d baa nnport 'Xu
.
^If!juooaa.^In.rt.te id no enoXs BSrrjjI no r.fll'S 'C'^
oebXne'iXgobXqnJ
bnp nenXeobtqeJ ricind eobirlont ec-jX.ao'tXfiOb tqa.I TCtlftie'^.
CaarTneo 'to eori^aan f'rivt at baur/t ril ’la^daX ©ri’'' . eir'ie^qoJoa'i
o^nl- p.erlonl '^X -tvods z^nnnud dl r.o^iob srfJ ^nlarKl .aot'i'i.i
antun'3 'i t baa ^be^aaDeB el ©mX ts to nooono e sa^rf^v bu'rt f^rld
riguonfcJ X^nxii/d XIbhib e ref onatnue odet rldXw bai^oftf’rnoo ,9vXtoBaX
0r(.1 X Idrtif Hcri.’^Pien boa hJI cidtw nla aefi:t£end JL rioJtd.a
.r[J:B,o.n eanoo noB.'?'>i3 vifrtB'r
.BoXaacnA dvtij<5c 't.o Bqnifi .vs bas aedsaj^m nl sevtX neat sobXgeuI
odJ ynX tLfb barri odd nl aadavidsae dX rfaXl-sm/X ojqo t tlA orLd OTfXd
baa lamina >faoY woVI od drfgnoadf ^Xdnpi/pea'i el dl .noseda ^ib
bf*n.e b«ificl odd nl . I tsaaG lo died Xolaodiirfpe odd oroil enaXneb tin It
\.IIaBS at dl ao3B82 ’^•ib ©rid ^ntaub dt 'lesaone djirid nooooo bm
non” .noidi3.taoqsnBad ao'l be^ioaq bne f3od rtiaeada odd lo djjo jinb
^ Id !£»£<£ dell odd bna pevXoee tb nooooo odd ^aods*' biqod nl bsosXq
. ^OViV&'I
In the New York Aquarixim the South American lung-fish,
under proper conditions will form a cocoon and in this state
can be kept indefinitely, available for research workers (Coates,
1937), The breathing hole is about the diameter of a pencil
at the surface, but half an inch below, the tube broadens to
the thickness of the fish's body or even wider. It runs strain
down for a few inches, and then ends in a sac-like cavity con-
taining the singly looped body of the fish. Prom examination
of the burrows, it appears that the lung-fish does not settle
down quietly to complete aestivation until all possibility of
remaining active is prevented by the hardening of the mud, but
repeatedly comes as near to the surface to breathe as the mud
permits. Its position in the burrow is always exactly the same,
head pointed upward, body looped, and the thin tall covering the
eyes to protect them.
A thin film absolutely Impervious to water is secreted to
prevent evaporation. It covers every bit of the body, and
[around the mouth turns inward for a short distance so the mouth
is the ohly external opening through which moisture might be
lost. By the time the mud is hardened, breathing is reduced to
one gentle expiration and inhalation about every two hours.
Aestivation may last a few years or only a season, during which
time muscle tissue is used for food. No wastes are eliminated.
The urea is separated from the v/ater and stored. The water is
used over and over again. Within twenty-four hours after the
ai
rraoi'fdtiA d&aoP. edJ ntui^ieiTpA AioX veA eriJ nl
p.iU'^ nt bnfl nocoo'> b m^ol IXJtw enol^tbrr?o leqo'tq 'leb'tij
ceiacO) (lo'ioe^.eT 'tol elcfftCtavo ,\:IeHrit‘iebal Jqo^ r#cj n«o
X/oai^q a *3:0 ^ecteniBiJb ©ria :}jjocla »».t ©Xori g^Xl^:t'Jft^c^ ©x<T . (V&t>X
of rtnob.eo'id g<Su^ orii .woXed rtonX ns 'liBd ;tu6 .so^li/za :?rl t Sa
sdf/i .'idbXw nsvs *10 ^bod e’deX'i ©d:^ lo ^ewfoIoXdj erfi
-not) ^:}Xveo o'>f.tX-oflB a ni abn© n&dd bna .eertonl *y6l a 70'! nwob
no cdanifiiax© (r.oiV .dBil od^ lo ^bod bocfcoX ’^XanXa ed:t gnXnXad
©IJdae dorr aoob datl~snu.C edd dsdd B'leaqqa dl ^awonnud ©rid lo
lo ^diXXdXetioq XXa lt:irtST noXd-avld?.ea odolqmoo od 'sjIdoXup avr^b
djjrj ^buju add lo ^ndnabnad erid_ ^^d bednevo'iq aX ©ytdoa anl.fi
bora edd 80 srictBand od ©oalios odd od naan aa sdinoo y'lbadaoqa-i
^91003 odd ifXdosxo s'^awla 3I v/o^'^icrd odd ni notdXeoq edi .ediianaq
i'
arid arti'xovoo XI ad nXdd odd bn.e ,beqooX ^bod ^bna'^qo bodnioq b-iod
• raodd doodo'xq od
t
od bodenooft eX 'xodaw od auoXv'iaqm.t 'fXedoXoada rnfXl nXdd A
bna j^bod add lo dXd ^«I9V9 e^ovoo dl .nolda'ioqwvo dno'/onq
ridt/ora add 03 oonedcib d'loda b nol b^ijawnl en'ii/d ddifom edd batsorLB
ad dft'^Ira arard sXoict doXdw ristjt^ndd gnXnoqo XBn'iadxa ifXno arid ai
od beoL'bon aX gniridBa'id ^bonabnBd aX burc arid araXd add .dsoX
,"'iLfod owd ’^•xeva duode noXdBlBdnX bnp notdBnt pca aldnag eno
itold'ft gnX-XLtb ^npnjsaa 0 ^Xno no 3*108^ ^ deaX noidBvXdaaA
.badanXraXIo ana aadeevr oH .bool nol boen aX at/esXd eXoanra amid
r, >;
sX n9dB.7 eril .banoda brfB nedBw odd ntOTrl badsnBqaa ai sanx/ odT
arid nadlij annojl nurol-Y'^^^’^^ nX/ldi”' .rrijags nevo bnB ravo baao
...
lung-fish has come out of aestivation and been placed in water
the concentration of urea is back to about normal. (Coates,
1937)
.
It was thought by some writers that Ceratodus and
Lepidoslren were accustomed to go on land or at least on the
mudflats. Gxmther (1871) reports that any he has observed in
captivity have shown no tendency to leave the water. He also
believes that the gills should be efficient for breathing when
the v^ater is of normal composition and sufficiently pure to
furnish the necessary amount of oxygen. During this time, the
gills alone take care of the respiratory function while the
lungs receive arterial blood and return venous blood like all
other organs of the body. But when the water becomes thick and
muddy and charged with gases from decomposing organic matter,
the fish begins to breathe with its lungs. Then the lungs
receive impure blood and return purified blood to the heart.
In protopterus and more so in Lepidoslren the gills are
partially atrophied and this leads Bridges (Cam. Nat. Hist.
Vol. 7) to believe that the lungs are the principal organs of
breathing at all times, in contrast to Gunther (1871) who be-
lieves the gills normally do most of the work of respiration.
Lung Structure in Protopterus
The lung (Fig. 10) is double, although in the anterior
third the two lungs are united by connective tissue. The
'leikw nt beonlq fona no tiovictaar 'to 3uo b'noo cBrf rfen-jj/rul
,C5i«O0) . Cflifl'ion itx/OCfB OJ )»0/^Cf zt JBOIU ‘\o HO t OfjOO
. ( Vf.G C
bffe Rf-fbocJcrto^ ififid eio^f t^w omoa ici:^uo(i:t «»8w
9ii:t no ;^s3el ‘lo bncl no oi bomo^pMooB anew n^=»•l^eob^:7eJ
al bev-trfedo aad od ^na cJadcf evt^xoqo*! (IV8I) narfctnuO .edall/^jjin
oaXa oH . ari.» svasi 'Z^a&bnei on nworie avarf
nodi«r anirliaend nol .tneto t't'lo ed b I node ftllXg add dadi eave tXsd
od anirq Y;Iiaolo bna noidXeoqmoo lancnon lo ai no^a\v -?»rid
adct \6fliXj alrtt anfniAi .najj^xo lo drijui-^rna •^'XBafteoan 9iid daXmnl
odd jjlidw noldonirl 'inodanlrraon add lo anao odad onola allls
XIa o>JiX boolcf siionev n'lncten Jbna boolcf Xgtnedna evtooon e^nur
b/ia >(cXdd aomooacf nedaw odd rrodw dofi .^bocT odd lo ana.'^no naddo
^noddf^nr oXnagno grrXaoqmooeb itro*Tl ee^ag ddlw bognado bna ^bbinn
agnol odd nodi . -jgnirX adX rfdivy edde^nd od snXgod dail odd
. dnaed odd od booXd bolli'tjjff nni/do'i bns booXcf onL'qnit ovlooen
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an-3 aXXXg edd nontaobXqoJ nX oa onoin bna eir'TodqodoU xJl
.daXH .deT! .nisO) e<>gbX*ifT abaeX eXdd bne boXrfqonda
lo anegno f.aqXonXnq odd ona agnaX add dfidd evoiXod od (? .loV
-3cf Oidw (XVBX) noridnirT) od deirrdnoo nX ^aernXd XXa da gniddsend
.no tdanXqao't lo ^fnow odd lo daora ob aXX tg odd aevoXI
ewnedqodoni: nX enndonndS gnjc/J
notModna add nX dgjLroddXs ,oXduob aX (OE .gi'?) gnx/I odT
)dT .OifeeXd evXdoonnoo -vcf bedXny ana egnyX owd odd bnXdd
Iposterior parts are separate and extend the whole length of the
body cavity, gradually tapering toward the cloaca. The unpaired
part is continued as a vestibule or pneumatic duct which passes
along the right side of the esophagus and opens into it by a
ventrally situated glottis which is protected by an epiglottis-
like fibro- cartilaginous plate, ’’The central cavity of each
lung (Fig. 12) communicates with a series of larger or smaller
alveoli in the lung wall, and each of the latter opens in suc-
cession into smaller tubular cavities, and then into still '
smaller terminal caecal sacculi.” (Cam, Nat. Hist. Vol. 7),
|
The unpaired part of the lung is more highly specialized
!
than the paired part where the network covering the inner surface
projects inward only a short distance, leaving a definite atrium.
In the unpaired part the entire cavity is filled in with the
sponge- like network so the atrium cannot be distlrigul^hed.
The epithelial lining of the lung is composed of a single
!
layer of rather flat cells in close relation to the blood vessels,
I
The connective tissue supporting the blood vessels contains
j,
'
I
masses of smooth muscle fibers and numerous pigment cells.
|
j
(Parker, W.N., 1892). ’
|
I
!
I i
Concerning the question of the apparent twisting of the
lungs W.N, Parker (1892) says, "The relation of the pulmonary
branches of the vagus (Pig. 11), as v/ell as the pulmonary arteriea
seem to indicate that a twisting of these organs (the lungs)
has taken place in the course of development, as they grow from
VI
oKct !o riJgnsX 6>Xoifw or(.t ftns 9C^/^'t0r^*!^8
ba-tXaontr eriT .aDSoX? ©ri.t b^awoct' ?^a^^eq0c^ ^XXat/bH'iri ,x;tXvao
c3H8aq dotfir. .toijb olcfarttwanq /lo eXx/rfi^^ev b ».a h^unli.noo hI :tTBq
• i|- *#4 '
-rr^
i! \:t: vl t oc^j'ijt Rneqo bna srj^jBdqoao lo of)XB .•trf-qf'i gnoXa
-Bii^oXsX ie na -yjb b0cto0;lo‘iq aX doXriw .al^JoXa 5©:teu;tXs
rfoBe lo Ca'tJaao ©rlT" ,B^aXq euonigKJldiao-o'idXl a^/fX
‘TaXIeron io '103'ral boI'ish a d^Xw eectao X/'umitjoo ( 9X .31^) gnuX
-otra nf anaqo 'lecti^BX eriS lo fioas bn» ,XXsw snt/f &rii nl iXoev/*',
XXXcrs o:trrl rodJ bna .eoX^lXvgo laX jduct laXIarte odnX ftclaseo
.(V XoV ,d^BXH .cta?f .nxeO; ’’.XXuoobp. Xaoeao XafiXansit *i0XXBmB
fo© •'Si.XBXosqs ^Xr^Xd ©'lorw ©X 3^^X ©d^ X'laq b©'TXaqn0 ©dT
©osl'iiJB ‘isnnX ©dx ^aX^evoo ^iqowcton ©dX 0T©riw J^iaq beiXaq ed.t r:adX
.rauXicta ©XXnX'isX) s ^iiXvasX ^aonaXaXb stToda a yXoo b'lBtwrrX 5 Jo^l^o'iq
©dX IXXvv nX beIXXl aX
-^^Xvao ©iXcin© ©dJ.ctieq bo^Xaquir ©dcf nl
.b©d^ JxjadtXaXb ©cf ;Jofineo tntrX-xXB ©dX oa jf'iow^sir ©ifiX
-b^iioqa
sXanXa B lo bOBoqaoo eX gm/I od;t lo gninlX XalXedctXq© ©rfT
eleee-v booXd ©dx oi noXdxiX©q ©aoXo n? alXon ledlS'i lo 'T©rr.l
erjXactnoo ".X©ee©v bboXcf ©dX SJrrXX ioqqjJo ©i/caXct ©vX^oanno^-' ©dT
.eXX©o c^nemsXq ai/c'ieiriijo bna j'jgdXl ©Xo mi dXooTie lo
. (S©81
©d^ lo g/iXXaX’A'X Xne'itffqB ©dX lo noXXeoixi £*dx jnXrrq&afioO
Y^anomXwq eiii lo noXiata^ ©iXT"
^ (^681) .IJ.'" aanui
i'.ai'XaX'ie ©dX ee XX©4» aa
, (XX . 3 X'nj er/gdv ©dX lo aadortR'id,
(ssnox odX) ana^'io ©aadX lo ^nXXaXv/x s X-.dX ©XaoXboX.oX iiross
mo'll v[odX aa , XnamqoXevab lo orti/oo ©dX nX eoaXq nsvIaX s©d
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their point of origin on the ventral side to the dorsal side of '
the alimentary tract* Close to its exit from the skull each
vagus nerve gives off a branch which passes backward and medial-
ly, so that on reaching the dorsal side of the proximal end of
the lung it crosses its fellow and then runs backward -a-lpng the
dorso-lateral surface of the lung of the other side (Fig. 11,
X pul.). Thus the right lung Is supplied by the left vagus
I
nerve and vice versa. This would seem to show that a twisting I
had taken place through an arc corresponding to a semi-circle.”
Lung structure in Lep ido siren'**'
Lepldosiren closely resembles Protopterus in its lung
structure. Of all the lung-fishes the gills have degenerated
most in Lepldosiren. Therefore, it has well developed lungs and
breathes air more frequently.
The lungs are paired with the anterior portions united to
form a median chamber with a spongy character due to the numerous
trabeculae. The pneumatic duct is a short wide membranous tube
kept open by a lar3rngeal cartilage. The glottis is guarded by
an epiglottis- like structure. At its posterior end, the trachea
dilates into a membrsinous sac which communicates by two large
lateral openings with the lungs.
I The lungs are widest anteriorly and gradually taper, ending
near the cloaca in a point. They are lodged in a dorsal angle
*Prom Owen (1839).
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of the body cavity and are attached to all the surrounding parts
and particularly to the ribs, whose impressions they bear.
The anterior part of each lung is the most vascular, as its
deeper color indicates. It is divided into four or five small
lobes of which the first is about a half inch long, triangular
in form, with the apex forming the most anterior part of the
lung. The other lobes decrease in size. About an inch and a
half from the anterior end, the lungs take the form of simple
compressed bags and continue thus to their posterior extremities.
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Neoceratodus fosteri, (Prom Newman.)
Protopterus annectans. (Prom Nevmian. )
Lepidoslren paradoxa. (Prom Newman.)
Pig. 7.—The three living genera of lung-fishes
'il
‘”T?5 /LX
v‘
-.1
’
• '»> .1
4 nil
^(aAmwoW niQ'tS) .Jtid^eo't ai/fcoc^B'ioooeM
'
'.
%-
- i
«
' ‘
" V,*v * , ,
•
‘ ¥•»’ M '7^’'
V
1',
,•'
‘.r . .' :
; Il » •
' 1
:* '
'
4
( .fTABweM inptH) .errB?tO'?»r[flxj einai^qocto'i'l
»
'
-ss'prs’??i;ra»a6r^s»«e^"L —
»L'
l>-*. ^
'
Q/*-.
( .naiffvreK fiioi^) .axofiB'iflq ne*iJtaobIq©wI
I *'*‘•,’11
.V ^ ' ,
'
4^ - .coriell-sn^I ‘ to saene^ 06*irf^ ©ilT— .V .a-t^
1 I'.j ,.
.^
L, •,.>,
'm
I' ^ . O'"'
L: : •.
Pig. 8.—Ventral view of
lung of Geratodus.
Pig. 9.— Interior of lung of
Geratodus cut open along smooth
stripe in its median line.
A, stripe along middle of ventral surface; B, G, slight
prominence indicating division of lung into two halves;
D, dorsal fibrous band; AV, alveolus; E, E*, pulmonary veins;
P, P’, branches of pulmonary artery; G, branches of P.
(Prom Gunther.)
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Pig. 10.—Protopterus annectans. The lungs and their vessels,]
ventral view. Part of ventral wall of pharynx has heen removed.
GL, glottis; VB, vestibule; LG, undivided portion of lung;
R.L., right lung; L.L.
,
left lung; PH, pharynx; OES, oesophagus,
j
P.A., pulmonary artery; P.V., pulmonary vein. (Prom W.N. Parker. )j
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Pig, 11.—Protopterus. Anterior part of lungs, dorsal view,
shov/ing relation of dorsal pulmonary arteries and pulmonary
j
nerves. Pharynx slit open dorsal ly, X pul, pulmonary branches '
| of Vagus nerve; GL.C, fibro-cartilage in walls of glottis;
P.A., pulmonary artery; GL, glottis; PH, pharynx. (Prom
;
I
W. N. Parker.
)
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Pig, 12,—“Showing structure of one of larger alveoli of
air-bladder of Protopterus. 1. central cavity; 2. alveolus;
3. tubular cavities communicating with 4, the small terminal
sacculi. (Prom Cam, Nat. Hist.)
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AMPHIBIA
Past and present status*
The Amphibia are the most primitive land vertebrates but '
are closely follov/ed by the reptiles which are much more ter-
restrial. Amphibia are limited to an aquatic medium during at
least the developmental period in most groups, and during the
entire life cycle in others. Fundamentally they are aquatic
because their developmental processes are aquatic. Only a few
of the most highly specialized modern forms lay their eggs out
||
of water. Amphibia are never found in salt water (Weysse, 1911).
Amphibia have not attained the success and dominance
reached by fish, reptiles, birds, and mammals. This lack of
success as a group has possibly been due to their varied environ-
ment. They are forced to occupy a narrow strip of land between
the water and dry land, a prey to fish on one hand and to rep-
tiles, birds, and msimmals on the other. If attacked in one
environment they may seek the other and this has saved them from
complete eytinction. The Anura are well known, but the
salamanders, nev/ts and caeclllans have sought safety in out of
the way places and exist partly through their extremely retiring
habits
.
From Newman, 1924.
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The change from aquatic to terrestrial life has been the
greatest evolutionary crisis in vertebrate history. The most
important changes had to do with respiration, circulation, and
locomotion.
Types of respiration in Amphibia
i
Gil la and lungs
. All Amphibian larvae bear gills, but in
different genera these organs vary in duration of existence,
those of aquatic species keeping their external branchiae for a
much longer period than the terrestrial forms. In a few
Urodeles, for example, Proteldae and Sirenidae, the gills remain
in the adult although the lungs also are functional. These
animals are called perennlbranchiate Urodeles. They are perma-
nent water dwelling forms. Their lungs are less elaborate than
those of the Dipnoi, having thin-walled sacs with no complicated
alveolar structure to increase the respiratory surface which is
poorly vascularized. Such simple lungs are compensated by
extensive cutaneous and bucco-pharyngeal respiration.
In the Anura the gills are never retained in the adult.
Toward the end of the second month after hatching, the lungs
come into use and the tadpoles frequently come to the surface
of the water to breathe. The gills then begin to degenerate
but for a time respiration is carried on by both gills and lungs.
( Without gills the lung structure becomes more complicated
and Improved by the development of alveolar cavities on the
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edanartogsb ocf nXged np>rid rMIs ariT .eridae'td o'J 'ledaw arid lo
. S3XIX/I bfiK el I da ridod ^cf no bei'TTBO ei no.fidBdXqeai sftrdd s tol dncT
bedo’PXXqmoo e&moooo' onL'dox.rrdE; onxrl arid eX Cda dnorfdX-''
ori'J no soljIv-^o T:jeIoaiI.3 lo d oojjiqoXavab .sx£d -^d bavo'iqnxJ: ban
inner surface which add greatly to the lung area for respirationj,
I
Noble (1931) described the alveoli in different groups as fol-
lows. "In the terrestrial Salienta (Anura) such as Bufo, these
chambers are small and numerous, and the septa branch, forming
additional chambers. The septa are highly vascular and clothed
with a thin epithelium except along their inner edges v/here
ciliate and mucous cells are abundant covering bundles of smooth
muscle. In many aquatic Urodeles which practice extensive
cutaneous and bucco-pharyngeal respiration, the lungs are poorly
vascularized and alveoli not formed. This is true of some newts
and especially the perennibranchs Proteus and Necturus.”
Air-tubes
i
Generally in Amphibia the distinction between the air-tubes
j
I
and truly respiratory region is not very pronounced. However,
in Gymnophiona and some Urodeles (Siren and Amphitima) the
trachea is definitely formed with walls strengthened by paired
cartilages in semi-circular form (Goodrich, 1930). In Amphibia
the primitive trachea and bronchi enter the lungs at the extreme
anterior end, whereas in higher forms with lungs better devel-
oped especially in the anterior part, the bronchi enter further
back (Walter, 1928). Anteriorly the lungs of Anura open into
a small laryngo-tracheal chamber which communicates with the
mouth by a narrow longitudinal slit-like glottis, surrounded by
rudimentary cartilages (Parker & Haswell, 1897).
nolits'itgae'J bo'ib gnu! erfi oi bbs rfolrf^v ©OBl'Xjje 'lerrri
-Xo'i p.n aqtJogs aX t.CoevIa orfi JbwdiioeQb (l<SGI} ©IdoW
fteerfJ ee rlotfa (js'irnA) atfriotraR aeggocf sri.t nl'* .ewol
;^tni'ro'l ^xionrtncS ,9.lgeE OiVJ bnfl brtB Cl^mp, Q'Ib Bigdittarfo
4
bQd:io£,o bna 'ijs5l;jos;^v Tflrfs^rl- q-ib /iitqes ariT .R'ledmario X«noidlbb/i
egarfw sfigba 'lanai -liorlJ gaols cfqooxe irfDtXodd tge nXrfd a dc^Xw
rtfooms lo RSXbnjLfO ^nXaovoo ctnabrawis aas eXIeo sifoox/m bns aisiXJto
ovtena^x© eolJoeaq lioidw aoIebo'iU olctax/pa ^nani nl .eioat'rn
YiXaooq ats a^nuX adi ^noicJaiX-qaei XBOgn'^'XBrfq-oaoiJCf bne Ruoen^uo
ECJwan araoe lo a/jacJ al sXffT .barnaol ^on xroevXs baa besiiaXiroaev
” baa euectoa*! srioaa'icTXnnoaeq arid bna
aad.f/d'-aXA
3edjjct~aXs eri^ aaswcfoof noXdonidaXb edd- sXcfXffqraA nX rsaanaO
.aavawoH .boDax/onoaq d’oa el noigaa vaolaalqsa'i
arid (fstgu/lriq/iiA brtfj naalc) salaboiTJ arnoa baa ano XriqoarrfYO al
boaleq banealg/taade eXIaw rJllw bafliaol si sariOBad
aldlriq/iiA III .(0o9X ^riola'booO) nnol ‘isluoalo-lrcfee nt e9gaXll*iao
afnaalxa arid de sgauX arid aadaa Irdonoacf tina sttrinaad evld"£al*iq arid
-lavab ‘loddacf ajinjjl ridlw anrcot aariglri nl saaaariw .bne aolaadna
aaridai/l rradxto l/Ionoatf arid ,daaq lot'isdrts arid nl b*»qo
odnl naqo B'xvaA 1o a'^nnl arid Y^'^iolaadriA .(aS€X taedXaV*} jloBCf
oriv xfdlw cvad jBolnnnuiioa lir^ldw aerimario iBorios'Td-ognY'i-Bl Xlams a
Yd babnno'x'Tns .slddolg &:>^lX-d.fXs I snlbs/dlgnol vsTOTaan a ^cf ridnom
.
(VQ6i ^IlaweeH £ lariasly eagslldaso Y'l^Adnerili^txa
Covering of the lungs
As a result of migration posteriorly, the lungs are
covered by a single layer of peritoneum which was pushed ahead
of them into the body cavity during development. They do not,
therefore, have a pleural cavity of their cwn, but instead lie
freely in the common body cavity (Walter, 1928).
Degeneration of lungs
In many Salamanders, for example, Salamandridae, Amblysto-
matinae, Desmognathinae
,
and Plethodontinae (Wledershelm, 1897)
the lungs undergo a more or less complete degeneration even
though all traces of gills have been lost. The lung rudiments
in Rhychatrlton are 5 mm. long and in Salamandrina 2 ram. long
(Noble, 1931). These salamanders breathe by gills until meta-
morphosis, but in the adult state resort to respiration by skin,
bucco-pharynx and even the esophagus (Cam. Nat. Hist. Vol. 7).
The fact that the floor of the mouth is continually raised and
lowered as in Amphibia which possess lungs, and that in some
cases the animal dies if these respiratory movements are pre-
vented indicates that a bucco-pharyngeal respiration takes place
and that cutaneous respiration alone is insufficient (Wledershe ira,
1897). '’In various species and genera of the family Salamandri-
dae the lungs, trachea, and larynx have entirely vanished in the
lungless salamanders, being represented by merely a depression
on the floor of the esophagus in the embryo and even this may
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disappear in the adult" (Goodrich, 1930). "Salamanders are the
only vertebrates above the fish which have succeeded in dispen-
^ sing with their lungs" (Noble, 1931).
Tracheal lungs
In Typhlonectes
,
an aquatic form, another variation appears
in the form of a tracheal lung or respiratory surface along the
|passage-way between the lung and the pharynx, a condition found
typically in some snakes (Noble, 1931).
Hydrostatic function of lungs and ypslloidapp ratus**
.i
The lungs of certain salamanders have a hydrostatic func~
[tion as well as a respiratory function. In Proteidae, also,
j
i
the lung is hydrostatic rather than respiratory,
j
Closely correlated with the hydrostatic function of the
lungs is a structure called the ypslloid apparatus, found in
imany salamanders. It is a "Y" shaped cartilage, movably articu-
culated to the anterior edge of the pubis. The action of the
i j
lypsilold apparatus has been studied by Whipple, especially in the
ikmerican salamander, or newt, Diemyctylus (Triturus) vlridescens.
jThis salamander which is the most aquatic of all American
salamanders can swim slowly or rapidly, float, remain suspended
jl
^
jin the water, walk on the bottom, or paddle by all four feet.
r
i?he changes in buoyancy required for this versatility are
*Prom Whipple (1906).
i
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accomplished partly by the lungs. The salamander swims to the
surface and takes in air sufficient to cause the body to float.
Increase in buoyancy is usually followed by the emission from
the lungs of one, tv;o, or three bubbles of air, until buoyancy
is perfectly adjusted. Still more air is emitted before sinking
to the bottom.
The animal is furthermore able to change the direction of
the long axis of the body without the slightest swlinraing motions.
This is accomplished by a noticeable change in the shape of the
body. When the head is slanting downward there is a pronounced
bulging of the lateral and ventral walls of the posterior third
of the body, especially noticeable in the angle between the
ilium and the vertebral column, as though pressure from within
were being exerted. As the body swings upward, there occurs a
marked constriction in this part of the body, that is, in the
ypsllold region.
The lungs of Diemyctylus are sacs that extend the entire
length of the body cavity, a fact which can be demonstrated by
inflating the lungs of a freshly killed specimen. They are
narrow anteriorly, widen gpadxoaJ-ly, and round off abruptly at the
posterior end like a club. The free posterior end of each lung
lies in the angle between the Hium and the vertebral column
and when inflated, causes the bulging of the lateral and ventral
walls. If inflation is not accompanied by muscular constriction,
this part of the body becomes relatively more buoyant, causing
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the head region to slant downward. As soon as the ypsiloid
I
apparatus acts, the resulting pressure on the posterior abdominal
region becomes exerted on the club- like ends of the lungs and
^
forces the air in them forv/ard. i'he effect is to increase the
buoyancy of the anterior region. On the other hand, when the
muscles relax, the pressure of air in the lungs as well as the
elasticity of all parts concerned, allows air to return to the
posterior region again.
Thus the ypsiloid cartilage and the muscles connected with
It, together, with the lungs, constitute the mechanism by which
phe relative buoyancy of the anterior and posterior ends of the
body may be regulated. I
”The ypsiloid apparatus with the exception of Cryptobranchus
is confined to the Salamandrida. ” "in Plethodontidae and
Desmognathidae in which the lungs have wholly degenerated a
I
corresponding degeneration of the ypsiloid cartilage has occurred
..." (Whipple, 1906).
Whipple found no ypsiloid cartilage in Necturus macula tus,
Amphiuma means, and Siren lacertina.
j
Cutaneous respiration
j
No Amphibian has sufficient lung surface to complete the
l|
eration of the blood (Adams, 1933). Thsrefore, a cutaneous
I 1
Ij system is required to supplement the lung action. Aquatic
ji
1
,
Amphibians
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lungs, give off carbon dioxide which has great solubility in
water, largely through the skin. This has been proven in many
experiments by S. H. and S. P. Gage (1886) who summarize as
follows the respiratory gas- interchange in combined aerial
and aquatic respiration does not conform to the law governing
either exclusively aerial or exclusively aquatic respirations,
but that whenever aerial and aquatic respirations are combined
in an animal, the aerial part is principally to supply oxygen,
and the aquatic part to get rid of carbon dioxide.”
Amphibia have ab\mdant skin glands secreting moist mucus
' which keeps the skin in proper condition for respiration and
|
helps it to retain its flexibility. The skin is kept moist in !
the frog because it frequently immerses Itself in water (Newman,
1924)
.
The capillaries in Amphibia with rudimentary lungs either
penetrate into the epidermis to facilitate cutaneous respira-
tion, or else the epidermis remains thin over the skin capil-
laries. An ideal habitat for cutaneous respiration on land is
the cool wet crannies along banks of streams where there is
opportunity to keep the skin moist. Therefore, stream salaman-
ders never have the lungs well developed. (Noble, 1931).
Bucco-pharyngeal respiration
All Amphibia practice cutaneous respiration and most
practice bucco-pharyngeal respiration in either air or water.
For this reason the linings of the mouth and throat are very
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Mechanics of respiration
In Amphibia the lungs are filled according to the principle
of the force pump, whereas in all higher forms they are filled
by action like that of a suction pump (Goodrich, 1930).
Whipple (1906) explains the mechanics of respiration as
follows. Pulmonary and bucco-pharyngeal respiration go on at
the same time. Bucco-pharyngeal respiration takes place cons-
Itantly and with such rapidity that the visible effect is a
!
rapid fluctuation of the throat. The process begins with en-
largement of the bucco-pharyngeal cavity by lowering the
hyobranchial apparatus. This results in air being drawn in
through the nares. Following this inhalation is an exhalation
in which the floor of the mouth rises. The mouth remains
tightly closed during the entire process and the respiratory
currents make use of the nasal passages alone.
At frequent, though irregular Intervals during bucco-
pharyngeal respiration, acts of pulmonary respiration occur.
The floor of the mouth is prolonged and exaggeratedly depressed.
The nares close more or less completely. Air is drawn from the
lungs into the mouth through the open glottis so the air in the
mouth becomes a mixture of pure and impure. When the floor of
the mouth is raised again some of this mixed air is forced into
the lungs and some out through the nares.
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In addition to aerial bucco-pharyngeal and aerial pulmonary
respirations there is aquatic respiration in which water is drawn
in through the nares, and expelled through the mouth and nares.
Animals change from one system to another as necessary, but it
is difficult to make a rapid change, especially if the animal has
been in one medium for a long time. Some lunged salamanders,
notably Dlemyctylus, come to the surface to gulp air, thereby
;
1
I
getting a larger quantity quickly.
Gnanamathu (1936) has done many experiments with mechanics
of respiration in the frog (Pig. 13), He, like Whipple, believes
that bucco-pharyngeal respiration is not interrupted for pulmonary
respiration but that the two types go on simultaneously. The
j!
lungs are compressed by the contraction of the body wall so that
expiration of air from the lungs into the buccal cavity is due
partly to this and partly to sucking action caused by lowering
the floor of the buccal cavity.
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Pig. 13. Scheme of records to show synchronism of various
movements concerned in respiration in the frog. (Prom Gnanamuthu)
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Characteristic of this mode of respiration in which the
j
ribs take no part, is the great modification in the ribs* In ||
i
I
no living Amphibian do they meet at the sternum (Goodrich, 1930)*,
Hibernation
j
The ability of the frog to breathe through the skin enables
it to hibernate* Then it can get only the oxygen taken in
through the skin and oxidation goes on just fast enough to keep
the animal barely alive* The cold, by slowing down metabolism,
reduces the need for oxygen* Hence, frogs can survive under i;
water for long periods, but will die if the temperature is raised
.
Cold seems to have been an Important factor in permitting l\ing
I
reduction in Ascaphus, America *3 most primitive frog, since other!
stream-dwelling frogs who live in warmer waters have larger lungs;;
I
I
(Noble, 1931)*
j
’’The affinity of frog haemoglobin for oxygen is much lower
j
!
than that of man* Hence, at the same temperature human blood take^
on much more oxygen than frog blood* At the low temperature
ordinarily characteristic of Amphibia (15°C) however, the
oxyhaemoglobln of the frog is able to give up its load of oxygen
as readily as human oxyhaemoglobln will dissociate at a much
higher temperature (37°C,; Macela and Seliskar, 1925)* In regard
to its affinity for carbon dioxide, the blood of the bullfrog as
j
compared with mammals binds a comparatively high amount (Wastl arid
Seliskar, 1925) but is unable to regulate its alkalinity as li
I
effectively as mammalian blood does*” (Noble, 1931)*
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Respiration in Specific Amphibia
In addition to the general information on Amphibia, the
following animals are treated in detail,
Apoda (Gymnophiona or Caecllia)
TJrodela (Caudata)
Salamandridae
Species Diemyctylus (Triturus) viridescens
Proteldae
Species Necturus maculatus
Anura (Sallenta)
Ranldae
I
I
I
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APODA (GYMNOPHIONA OR CAECILIA)
This is a very degenerate group with burrowing habits like
the earth-worms. It inhabits tropical or subtropical regions*
It has no limbs and a very rudimentary tail (Pig* 14)* The skin
is arranged in ring-like folds, and is smooth and shiny, set with.
small dermal scales* The eyes are small and concealed iinder the
skin or maxillary bones, and are practically functionless*
The gills are lost when the larva hatches* The adult lives '
j
a burrowing life on land* The right lung is elongated, with the
inner surface divided by a network of blood-vessels, connective
tissue, and smooth muscle, which form alveoli* The left lung is
rudimentary, being only a few millimeters long* The reduction of
one lung occurs also in snakes and seems to be correlated with
j
the elongate body form of both groups* (Noble, 1931).
•
\
The trachea is very long, and its walls are strengthened by
|
a series of paired cartilages, each of which extends about half
j
way around the trachea.
j
Pig. 14—Gymnophiona. (Prom Adams.)
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URODELA (CAUDATA)
This group Includes all the tailed Amphibia, more than 100
species of mudpupples, newts, efts, salamanders. They vary from
forms living permanently in water and breathing by external glllu
in addition to lungs, to forms that live after metamorphosis
SALAMANDRIDAE
The Salamandrldae include the salamanders and newts which
comprise three-fourths of all the tailed Amphibia, They have
no gills in the adult stage. Pore and hind limbs are present
but much reduced. Salamanders are usually completely terres-
trial in the adult stage while newts have aquatic tendencies
throughout life,
Diemyctylus vlrldescens (Raf.)
Relation of life history to respiration
This species is well known also by the name Triturus
vlrldescens, and by numerous common names such as spotted sala-
mander, water newt, common newt, spotted eft, and vermllllon-
spotted newt (Pig, 15), The red Immature form and the adult
vlrldescent form were previously thought to be different species
.
*Prom S,H, Gage (1891), He Includes a long list of
synonymous technical names.
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It is the best known newt east of the Rocky Mountains, and the
adult is the most aquatic of all American salamanders. It is
but four inches in length including the tail which is long and
spade- shaped.
The life history of this newt naturally influences the
methods of respiration. In the beginning of the larval life,
respiration is wholly aquatic, but as the lungs develop it
gradually changes to a mixed or combined respiration, that is,
to a respiration partly aerial and partly aquatic. Later when
the larvae leave the water for a time and become terrestrial,
respiration becomes wholly aerial. At this time, the stratified
non-cillated oral epithelium found in both larvae and aquatic
adults gradually changes to ciliated epithelium. When an adult
aquatic form is kept in air for ten days to two weeks, the
epithelium of the mouth becomes ciliated like that of proper
aerial forms* At egg-laying time the newt enters the water and
respiration again becomes mixed. This shows the direct relation
of the character of the oral epithelium to the mode of respira-
tion, The adult newt under favorable conditions does not leave
the water after entering it, although it is able to live for
several months and perhaps Indefinitely in moist places.
Bucco-pharyngeal respiration
I If a terrestrial Dlemyctylus is observed carefully, the
floor of the mouth and pharynx will be seen to sink and rise
alternately, many times per minute. On entering the water
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. eoOBXq IbXoxo nX ’^XelXnXlobnX aqAilioq bns B.rf1nora Xanovse
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rralaw ©rfl 3nX'ie1xi© nO .©Ix'nXnr *T€vq eamXI. ^/isra
,
vXsIi'.nialiB
,Diemyctylus remains under for a considerable length of time and
during this submergence the same rhythmical pharyngeal movements
occur, and water Instead of air is alternately taken into and
expelled from the mouth,
it
Lung structure
The lungs are two long, narrow transparent, membranous
sacs which extend far back in the body cavity above the other
viscera. Internally, each lung is a simple sac with no septa,
so the external surface is smooth and shows no depressions, A
. layer of the peritonexm holds the anterior parts of the lungs in
place but the posterior halves are free.
The layers of the lungs are represented in Pig, 16, They
consist of (1) an outer serous coat composed of squamous epithe-
lium, A few branched pigment cells are found in this coat,
especially along the course of the pulmonary vein, (2) Inside
the serous coat is a small quantity of white fibrous connective
tissue, containing a meshwork of elastic fibers. (3) A layer
of non-strlped muscle of nearly uniform thickness completely
encircles each lung. The individual muscle cells are large and
fusiform in shape, with a well defined nucleus, (4) The nerves
are distributed abundantly throughout the muscular coat, (5) The
capillaries in the pulmonary walls lie Internal to the muscular
layer, (6) Internal to, and distributed among the capillaries
*From Stirling (1881),
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are the epithelial cells forming the innermost layer of the lung.
Distributed throughout the epithelium are definite tracts of
cilia, especially along the course of the pulmonary vein and its,
chief branches. Williams (1859) claims ciliated eplthelitxm is
present over the course of the pulmonary artery but Stirling
disagrees®
|
The non-clllated epithelium consists of flattened cells
with large globular nuclei. The cells are arranged in groups
and the large nuclei occupy the small meshes between the capil-
laries, while the thin parts of each cell cover the capillary
jj
wall. The result is that the air in the lung is separated from |!
the blood by the thin non-nucleated part of these cells and
the flat cells that form the capillary wall.
Pig. 15.—Diemyctylus viridescens. (Prom Hegner.)
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(.'lan^aH monq) . RnaoeebiTlv KX/fYdOYm©XCI— .31 .si*?
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iPig. 16
I
Pig. 17
Pig, 16.—“Scheme of the vmll of the lung of the newt, showing
j|
layers from without inwards, li
1. Serous coat— squamous epitheliiun,
2, Layer of elastic tissue imbedded in a small quantity of
I
connective tissue,
i 3, & 4. Branches of nerves and the muscular layer,
j;
' 5, Layer of capillaries, with groups of epithelial cells ji
between them. In some places the cells have fallen out,
C, C, represent the capillary blood stream. "
S, S, represent the islands of epithelium,
|; (Prom Stirling.)
|
I
^
i
! Pig. IV.—Scheme of a vertical section of the wall of the
;
lung,
j
C, C, represent capillaries.
i
! S, S, represent arrangement of pulmonary epithelium.
(Prom Stirling. ) -
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PROTEIDAE
The Proteldae are represented by three species all bearing
three pairs of fringed external gills throughout life and there-
j;
fore called perennibranchiates
.
Necturus maculatus (Fig, 18) is the common American water
dog or mudpuppy, so called because the fringed gills resemble th^l
hairy ears of a water spaniel (Newman, 1924), Necturus leads a
sluggish life on the muddy bottoms of the Great Lakes and the
rivers of the Mississippi Valley, and is most active at night
when it swims or crawls in search of food. It closely resembles
the larva of Salamandridae, especially that of Ambystoma (axolotlj),
Proteus angulnus (Pig, 21) a European species, is res-
tricted to the subterranean waters of Carnlola, Garinthla
,
and
Dalmatia, It lives much below the surface, in absolute darkness,
in an almost constant temperature of 50° P, As a rule, in cap-
tivity it remains motionless under water, but if the water is
not sufficiently aerated, it rises to the surface, gives off a
bubble of air, and takes a new supply into the lungs. In Proteusj
!
the eyes are completely hidden beneath opaque skin (Newman, 1924)
^
In Necturus the eyes are functional, being covered by a thin,
transparent skin,
Typhlomolge rathbuni is much like Proteus, It inhabits
subterranean caves and was discovered in artesian wells in
Texas (Newman, 1924),
^ t ’
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Pig. 19,—^Lungs of Necturus.
Communication with the vestibule
indicated by a black spot
anteriorly. (From Wiedersheira.
)
Pig. 20. ^The blood vessels
of the lungs of Necturus.
OES, oesophagus
P .A
. ,
puImonary artery
P.V.
,
pulmonary vein
(Prom W.S. Miller.)
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Pig, 21.—Proteus anguineus, (Prom Newman.)
I
I
iPig. 22, Lungs of Proteus, Communication with the vestibule
! indicated by a black spot anteriorly. (Prom Wiedersheim.
)

Necturus maculatus
Methods of respiration*
In poorly aerated water or warmer water than the animal is
accustomed toi the gills are kept in constant motion* In clear,
cold, well-aerated water, they are often held motionless against
the sides of the neck for long periods* Under such conditions
the blood supply is reduced, and the gills change from bright
to dull red. When the oxygen supply is low, Necturus rises to
the surface at frequent Intervals to gulp air, part of which
passes out through the gill clefts and the remainder into the
lungs *
The skin also functions in respiration and is well supplied
with blood. The skin alone probably furnishes the necessary
oxygen in well-aerated water; the gills are used under ordinary
lake and stream conditions; and the lungs called into service
last* If a living specimen is exposed to the air, it dies in a
few hours, the lungs alone being unable to furnish sufficient
oxygen* In water, however, the animal may live without apparent
discomfort with gill filaments entirely lost.
*'Prom Bishop (1926),
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structure of lungs”**'
The lungs consist of two narrow elongated transparent
membranous sacs (Pig. 19), Along the outer mid-line of the
lung the vein is located (Pig. 20) and on the inner side the ||
]!
artery. Lateral branches with capillaries are arranged so that ^
there is an arterial branch located between every two venous
branches.
The lungs extend back into the abdominal cavity dorsal to
the other viscera. They are attached along most of their length
to the dorsal wall. The full grown lung when distended is 100
j
i
to 125 millimeters long, of which less than 25 millimeters is
j
I
i
free.
Internally, the lungs are typical of all urodeles, being
perfectly simple sacs, with no septa developed. Their cavities
open into the pharynx through a membranous tube which represents
the trachea of higher vertebrates.
Serous layer
The cells of the epithelium which forms the outermost or
serous layer of the lung vary in different parts of the lung, as
illustrated in Pigs. 23, 24, and 25.
*Prom Miller (1900).
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Pig. 23 Pig. 24 Pig. 25
Pig. 23 represents the epltheliuin found between the large
blood-vessels, especially in the anterior part of the lung. This
•is the common type, consisting of large thin irregular cells with
comparatively smooth boundaries. The nuclei of these cells have
no definite location but may be fouind in any part of the cell.
II
Pig. 24. Epithelial cells near the large blood-vessels and
toward the posterior end of the lung are longer and narrower,
becoming more so toward the tips of the l\mgs. Between the
i
lateral branches of the blood-vessels there are often whorls of
;
cells centering around a large irregular one.
Pig. 25. Covering the blood-vessels and lymphatics is an
1
i
entirely different type of epithelial cell. It is often extreme-
ly long and always has Jagged edges.
Along the inner side of the lung near the pulmonary vein,
oddly shaped pigment cells are often present.
Between these three typical cells are all gradations.
erio near^ad ftnwol raulI^rCtlcfe ericf adnraeo'Tqw'i 55 . 31 *^
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Epithelium within lung
The arrangement is often a group or island of cells sur-
POTinded by clear spaces.
Pig. 26 shows the outline of cells and outline of the
islands in which the nuclei and the protoplasmic part of the
cells are situated®
Pig. 27 shows relation of nuclei and protoplasm to cell
boundaries in a case where several nuclei are found in a single
pesh of capillary network.
I
Pig. 28. Sometimes a single cell forms an island.
Pig. 29. Cell boundaries appear to cut through the nucleus
of a neighboring cell due to overlapping of one cell by another.
Pig. 30 is a projection drawing of two cells from Pig. 29
showing the relation of cell boundaries to nucleus and to under-
lying capillaries.
Ciliated epithelium and a plexus of capillaries were found
1
bver both the artery and the vein, down to the apex of the l\mg,
while a few ciliated cells were found between them.
Elastic fibers
Elastic fibers are found throughout the walls of the lungs
forming a complex network with coarser fibers and wider meshes
near the surface and finer fibers located more deeply. The
coarse fibers r\in more generally in a direction parallel to the
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Pig. 27
Pig. 29

long axis of the limg. The meshes of the fine fibers are very
intricate, especially aroimd the blood-vessels.
Pig. 31 is a surface view of elastic fibers over the
pulmonary artery.
Pig. 33 shows elastic fibers and muscle nuclei in a longi-
tudinal section of the lung taken near the blood-vessel. It
shows the fibers cut crosswise and appearing as dots.
Pig. 34 shows a cross section in same region as Pig. 33.
The fibers cut lengthwise appear as lines.
Muscle fibers
These are of the involxmtary type and run principally in a
circular direction, forming a tubular foundation for the lung.
Pigs. 33 and 34 show the relation between muscle fibers and
blood-vessels
•
Pigs. 35 and 36 show the relative thickness of layers of
muscle fibers both internal and external to the artery and the
vein.
Nerve fibers
Pig. 32 shows the finer network of nerve fibers with
medullated and non-medullated fibers, and nerve cells.
Pig. 37 shows the distribution of the main nerve trunks
found between the blood-vessels. The nerve trunks lying over
the blood-vessels are not as large as those forming the mesh-
work between them. Both medullated and non-medullated fibers
are found in the main trunks
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ANURA (SALIENTA)
Progs and toads are the characteristic Amphibia of the
|
1
I
present age. They are represented by about 900 species and
|
exhibit a wide range of adaptation and specialization into
j
!
terrestrial, arboreal, aquatic, and burrowing types,
|
i
Ranidae
Ranidae include the ’’true frogs” found almost all over the
world, Sub-Family Raninae comprises the North American frogs of
which Rana pipiens, leopard frog, is the most common. Progs
range from purely aquatic types like Rana catesblana, the
bullfrog, to terrestrial types including wood and tree frogs.
The lung structure in frogs and toads is very similar.
The highest development in Amphibia is shown in the frog lung
but there are all degrees of complexity between the honey-
combed frog lung and the smooth lung of Necturus. The area of
the inner surface of the lung of Rana esculenta has been calcu-
lated by Krogh (Holmes, 1907), In a specimen weighing 40 grams
it was found to be 98 sq, cm. The total surface of the skin was '
estimated to be 154 sq, cm, in the same specimen.
Lung structure in Anura
The lungs are large paired thin-walled sacs, spherical in
shape to conform to the body form (Pig. 38). They vary greatly
in size and appearance according to their state of distention.
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With the exception of their roots they lie entirely free in
the body cavity and are covered by the pleuro-peritoneal mem-
orane. This is true of most forms except the toads Pipa and
Xenopus which have a so-called diaphragm attaching the lung to
the body wall. In Pipa, a considerable length of the lung is
firmly attached to the body wall. In Xenopus, a fold of the
|)eritoneum a half inch long ties the lung to the body wall and
there is also a pulmo-gastrlc attachment.
The folds within a frog's lungs extend from the inner wall
I
jin such a way as to divide the entire cavity into stall- like
iir- chambers, all opening freely into the lung cavity (Pig. 38).
he walls within the stalls become further increased by minor
olds, each of which carries its individual capillary supply.
(Walter, 1928).
In toads, the air-chambers are shut off from the central
I
cavity of the lung by septa at right angles to their walls (Fig. 38
j
jiso that a second internal wall is formed, whose openings lead froit.
I
the central cavity. (Walter, 1928). The air-chambers are more ^
iextensively developed in correlation with the more terrestrial
habits. The inner surface is covered with a single layer of
I
i
epithelial cells which are very thin and flattened except on the
I
Isdges of the septa, where they become cylindrical and ciliated.
Outside the epithelium is a connective tissue layer which
contains lymph and blood-vessels, and numerous unstriated muscle
cells which give the lungs their power of contraction. The
j
;
|Dutermost surface is covered with peritoneum.
,
J
I
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Minute structure of lung of frog
1. Muscle tissue is arranged mostly in bands which form a
coarse network of well-developed involuntary muscle fibers on
the deeper surface of the lung. Prom this network of muscle
bands, finer processes of muscle tissue pass towards the surface
of the lung, and are attached to the thin and incomplete muscle
layer found in the wall of the lung. (Pig. 39).
2. Connective tissue is present only in a small quantity,
but sufficient to fill in the spaces between the various muscle
bands and the surface of the lung. Through this connective
tissue are distributed the blood-vessels, nerves, lyn^hatlcs,
and numerous yellow elastic fibers. The lungs are extremely
I
elastic and are capable of slowly expelling the air even after
removal of the abdominal walls. This is a sort of substitute for
ribs and other accessory organs of breathing (Williams, 1859).
3. Blood-vessels. The pulmonary artery lies just beneath
i
the peritoneal epithelium and extends along the outer surface of
the lung to the apex, giving off at right angles branches which
divide and form a capillary network. This network has very small
polygonal-shaped meshes, the diameter of which is often less than!
that of the adjacent capillary. Prom the capillary network
branches arise that form the pulmonary vein which extends from ,
the posterior tip of the lung to its roots. The lymphatics form
a network surrounding the larger blood vessels. Pigment cells
I
are numerous, large, and branched. They accompany the lymphatics
^Prom Ecker (1889).
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but not the blood vessels. The nerves of the lung follow the
larger blood vessels under the serous coat.
In the lungs of the frogs and toads the septa have two
I
layers of capillaries, one on either side. Thus the blood Is
exposed to oxygen on one side only. This fact constitutes an
anatomical difference between the lungs of Amphibia and Kept ilia,
and those of mammals. In the latter case the septa are composed
of a single layer of cells, both sides of which are exposed to
the air. In this way, the amount of respiratory surface is
doubled,
4, Epithelium. Externally the lungs are covered with a
layer of endothelium derived from the peritoneum. The internal
surface is covered with epithelium which varies greatly in
different positions,
,
I
The capillary areas where respiration actually takes place
(Williams, 1859) are covered only by a hyaline epithelium. The
I
iclllated eplthellTim is limited to the course of the larger blood-
yessels and the margins of the cells.
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P Bird
Pig. 38.—Diagrams to show evolution of lung structure. The
plan of a lizard's lung may be regarded as like a cluster of
toads’ lungs, and in turn the alligator lung as composed of
several lizards’ limgs. The air-sacs of the bird extend beyond
the lung itself but are in communication with it. (Prom Walter.)
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Pig. 39.—Outline of part of lung of frog, showing location
of muscle tissue.
A, larger bands of muscle tissue.
B, smaller bands of muscle tissue.
C, incomplete muscle layer in wall of lung.
(Prom Ecker.)
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REPTILIA
Advance in lung structure
The breathing system in reptiles consists of lungs aided
by well developed accessory organs such as pharynx, larynx, a
trachea with cartilaginous supports, a nasal passage, and ribs
which aid in respiratory movements.
The lung structure varies from the simple sac with a large
atrium, as seen in Sphenodon, to the mammalian type of lung
found in all Amniota from crocodiles upward. The snake's lung
exhibits variation in structure, being most complicated at the
anterior end and most degenerate or sac-like at the posterior
end. Only in the anterior region are the air-cells arranged in
groups to form air-sacs.
Several advances in structure may be pointed out in a
single animal such as the lizard, Heloderma suspectura, (1) The
central cavity is divided by partitions into air- sacs which are
subdivided into air-cells (Pig, 81, in summary). (2) The bronchus
extends into the lung as far as the posterior sac, (3) Only the
posterior sac is simple in structure as compared with the snake's
lung in which about two- thirds is smooth and sac-like, (4) The
atrium is reduced to a narrow tube because the air- sacs have
encroached on the central cavity. This atrium is similar to a
AiJiT^an
©'Tx.r^Jou'irfe gnuX nl eoravbA
bebli< pgriiil lo srfRiRfJOO p,eJ XJqo'i rst fne:teXE snXriitBe'id ©riT
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adt'i bns ^e:^ftRCBff IfiOftn a .sdioqqjue pjJonXgftX Id-iBO rf.*<iw B©rio£'i:t
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piix/I lo sqY“ naXXBWinBfii ©rtd od ^nobonodaS nX neee aa
Srji/X a'o:^an8 oriT .Mawqif aeXXX>ooo'io mmcl adoinmA IXs nf hnwol
oxld dfi bs^ao.rXqxnoo daom gnXod ^&*incfOJLr*icf8 nX rroldBl'Tsv pdidlxirce
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I
a nX di/o bed/iXoq od oix/doif'-ide nX Beonavba Xa*ievo 8
ailT (i) .mjJdoeqp.iig amioboIoH ^brtasil erfd aa dope Carina olg/jXc
e^ia n'oXilw eoBa-'xXa odnX anoXdXd'xaq \;d JbebXvib aX ^^Xvao la'idreo
i.iticrro'ic eriT (R) .(Y'rntmsUr& ni < XB •gX'n) aXIeo-iXa odnX bobivXLcfue
odd yXhO (S) «oaB 'loX'iodeoq srtd ea 'lal ea grrtfX odd odr.X ebrrf^dxo
c’e>fana odd rfdXvv borraamOv') bb oqx/dou'xdfj nJt ©XqmXe aX oaa •toX'xsdaoq
^ oilT (^} .ft^XI-oaa bna ridoo/ita eX. KbiXrfd-nwj dtroda rioXdw rX gnx/X
even 80B3-iXc erid eauBoed ©dird v/0‘i‘ian a od beo/xbaT: eX i?u/X*ida
a od 'lalXrffla ei rat/Z'ida aXdT .^dXvao Xa*idneo odd no bedoaoion^
bronchus except that it is perforated with the openings of the
i
kir-sacs,
|j
Further advance is found in a higher lizard, Varanus, in
jjwhich there is no atrium, a bronchus that subdivides into smaller
!
tubes leading to infundibula, and a spongy texture throughout#
|! Turtles exhibit much variety in the amount of division into
iair-sacs and subdivision within these sacs, especially In the
[posterior chamber which may be as smooth as in Necturus, some-
^what subdivided as in the frog, or complex in structure as in
ithe rest of the lung, a condition found in Macrochelys. Each
|air-sac communicates with the bronchus by an oval or circular
|opening in its walls, as in Heloderma suspectum,
j! The highest approach to the mammalian type of lung is found
1
1
!in Crocodllia* The bronchus enters the lung near its center and
I
passes somewhat obliquely to about the lower third where it
divides into 8 to 15 tubes which are connected with nTunerous alr-
iacs (Pig. 81), A crocodile lung is like an enlarged lobule of a
I
J^iammalian lung#
1
i Strieker (1872) summarizes the condition of the bronchus in
Reptiles as follows: ”The continuation of the bronchus, which
rejects a greater or less distance into the lung, consists in
snakes of a s emi- cylinder
,
in turtles of a straight tube per-
iforated with round openings, and in crocodiles of a somewhat
I
i
branching tube .
"
II
The trachea is strengthened by a series of cartilaginous
jkings. Incomplete dorsally. In Reptilla with two lungs, the
F
erf- lo esnineqo erfd rfctlw be^stolieq el cfl ;t Brief efqbox© eidono'id
ni ^eJjnjB'iaV Tsrfgiri h bnwol el ©onr^v^i' nerfet^ixj^
lelXanie o;fr»l eoMvf.bdjc/e cteriJ cirriofto^cf e ^mwl'ieta orr ei eiericf riolriw
Jt/oxlsuo'irief ft'TX/cfxecf -^noqe b bxu; ^Blircflfcxixrftrl o- ^nlbseL aedud
oetnl noleivlf) “lo efnuomfe ©rid nl .^delT[£V riotm dlcflrixe eeld'ix/T
©rid £il \:X£Br.O 9q80 ^eoae ©serid nlridlw nolelvlbdue bna eooe-'il^
-emoB ,QirrdoAtt nl ae ridooftte rb ®d riolriw *i©riflmrio 'lol'iedaoc
nl B#? ©ixjdocrnda nl xeXqfltoo *ic ©rid nl rj? beMvlbritre deil«
riOB? .E^XoriooiOBM nl bnjjol noldlbnoo b tgni/X arid lo deen ori;
tBli/oilo *10 Xbvo no xri anriononri arid ri-lw sadBolniiramoc OBe-nif
.mndoeqane oimoboXaH nl as tRlXew edl nl snlnaqc
bifuol el ^nnX lo aq^d nBlXamfOBin arid od rioao'iqqB dsaxl^ilri eriT
bne lednso sdl 'Xfion gnuX ©rid e'ledna anrionotri oriT .b1X15cootO nJ
di ©neriw ft'ilrid towoX ©rid dnoefa od djsriv.-emoe sonEec
-•xIjb Bi/onacmn ridlw bedoannoo ano rinlriw aeri;rd 5X od 8 odnl eoblvlx
B lo elxrioX JbagnBlna njs a>(lX al .mhuX ollbooc'ic A .(X8 .§1*5) eoBt
•
gnirl nBlXnrjKiX'q
nl eurionenri arid noldlbnoo ©rid eeslTarnnii/s (SV8X) nesIolndS
riolrivv ^ ai/rioxiond Grid lo noldaimldnoo ©riT” {evoXIol bb aaXldqev
nl edaianoG ^^ririX arid odnl sonodeUb aeaX *10 nadsans b adoat®'*^
-'leq ©rind driglonde b Jo eaXdni/d nl ^nebnllYO-icioa b 'lo eoilof??
doriwomoa b lo aoXlocoono nl bna ^agnlnaqobnnoT ridlw badonol
Grind arilriOxiBic
8jJoni;iBXldT[so lo aal'isa b b©nerid3n©nde al BsriOB'id ©rlT
axfd ^sgntfX owd ridlw Bllldqefi xil .YXlB«'’tob adoiqrao''nl ,ej,nl‘ji
C
C
trachea divides into two bronchi. Where only one lung is well
i
developed, as in snakes, the trachea leads into the main lung,
|
i
and an orifice in it just before that point admits air to the
rudimentary lung* In snakes, the trachea sometimes extends into
the lung as a groove called the tracheal gutter, which is often
much reduced and represented by simply a flat band.
The lungs of CheIonia and Crocodilia differ from those of
|
the other Reptilia in not projecting freely into the body cavity^
because folds of the peritoneum separate them from it.
Asymmetry of lungs
In limbed and in some limbless Squamata the lungs are
developed equally on both sides, but the long narrow body of
snakes and of some lizards causes a crowding and displacement
of some of the organs, resulting in asymetrical lungs* Cope (1894)
I i
examined 150 species of snakes* Butler (1895) Investigated the
I
lungs in 59 species of snakes belonging to 9 different families !
I
and in 21 species of lizards, Coe, in Coe and Kunkel (1906), ij
studied the lungs of the anguoid Anniella pulchra* Both Coe
t
and Butler checked the work of Cope and the results obtained
show that in all forms except the Amphlsbaenidae the left lung
is the one that is reduced. In the Amphlsbaenidae alone the
right lung is reduced or absent. In snakes the well developed
lung usually extends the whole length of the body cavity.
Ilew 8
1
g,ni/X erio G'leiff .iifono'id ow;t odnl p'^cXviJL jjon'os'ict
tj^nuX fiXara eriJ octnl ebftfiX a&HoR^d edJ' ^ae^^ae nl aa , beqclevah
ttrfct 'il£ eSIoLhii .tnXoq 8‘T0*i(-^d jeul nl soX'lI'io ti£ bniB
o:?fiX sJbns^txa eemXiemce BPiiofiTcf eiiJ ,so>(£nB nl .rim/X Tj'iBJnemttin
ne;t'lc el rioidw laoriOB'xct &ri:f X>oXXbo evooig b bb ^nnl e:'!^
.bncd e ’^Xcrcria x^ £)9;Jn6E©*iq0'r bna beoube'i rionrc
lo 9K0rf:t moil lelllb BXXiXJoooiO bnB BXnoXorfO lo asnvl eriT
I
,
y;Ji;vHO \:bocf eri;^ octnX s^l:>oolo'iq ^on nX BXIid'gdfl lerivO esi^t
,Jl oio'il ftcfB'isqea nxjsnocfX'ieq axfct lo ablol senBoecf
egnuX lo
eifl EgnnX ©riw Biifitcsiisp^ es^Icfinil ©moe nl bnn becfmiX nl
'10 woiiB/i gnoX sn'd ^ud ^eobie rfdod no \.fX£np© beqoXev&b
cfnoiaeOBXqelb bnp gnXbviroio b eeeuHO eb'uestl ecioe lo bns eoilBna
rf6X) 9ooO .Bgrnrl XaoiictemvBB nl gXTlilliJee'i ^snsgio erlcJ lo ©raoe lo
©rid fje^BglXeevnX (dQ6£) laXctnS .ee^lBm lo s^looqE O-?! bonitt.8X©
esXXI'iHB'i ctiisiollib G ,od snXgnoXacf seylane lo ssiooqe Gc*. nl Rgnul
*(bOGI) X9^n^ bne ooC nl
^
6oC .pbiBsXX lo p.Qtoeqe XS nl bru?
eon rl^oS Bif^oXjjq BlIeinnA bipngna 9x1^ lo Bgm’X beXbnd’c
benlB^Po edlue&n srict brtB eqoO lo ^/low srfj bejfoorfo leX^fi/fl bn©
gnnX dlel exlcJ ©Boin©8(jr«.txXqmA ft-rtcf iqe»ojce emol XX s nl ctad.^ v/orfe
6x1;^ ©xtoXs OBbXneBdBlrfqroA ©xl^ nl .booubsi ei jbxI^ ©no eciJ p. 1
beqoXoveb IXen axicJ H&ylpna nl .^tneedB to Xveotfbei el griuX JdgXi
.\rctlvBO xlc^gneX oXoxfvy &xi^ ebnecJJce YXXanei/ gxioX
Mechanics of respiration
In some reptiles there is found the first evidence of
fully developed ribs attached to the sternum in front and used
as a mechanism of respiration. Inflation is brought about by
I
the expansion of the thoracic chamber where the ribs, except
in Chelonlans, are v/ell developed, jointed, and movable, and as
a rule, articulate ventrally with the sternum. Contraction of
the intercostal muscles drawing forward and straightening the
ribs expands the thoracic cavity and the air rushes into the
!
i
lungs through the open glottis. Relaxation of these muscles
i
and descent of the ribs causes reduction in the size of the
thoracic cavity and the expiration takes place. The process is '
further aided by the development of septa, which are modified
diaphragms. These principles of respiration are the same for
all Amniota except turtles, whose ribs are attached to the upper
shell. Respiration in turtles is carried on by respiratory
muscles located in the trunk.
ciolii^ntqze*! lo eolflfirioeM
lo oonobiv© deTJtl oriJ bXTjjo*^ ei sierf^ eeXlJqei emoB nl
b&BU bns d’no'tl ni ojr»m«c}B ©rfd oJ borfo«rf.tij beqolevob
\'d :iiJodB dilswo'icf ei noldBllrrl .ffoids'iXqRo'i metnadoem b sjb
dqeoxe ©dd oieriw ‘ledfOi’do oioe^iorfct odd lo nolefiaqxe erict
r.a bna ^olcfi-'vojn baa ^bwirfof ^Jbeqolevab II.e>r e'la ^Efffl ffioIsdO nl
lo nol;toandfioO .oiLn'iScJe ed.-t ridlw ^XX^ndiiev edalx/olrf'ip £
&dtf ^inln6d£lgla*ictp. bna b'tavif'iol •^rilwe'rb ssXoewm lad’BOO'xs^nl ©rid
©rid odni eeriai/'i 'll© orid bna Tfdlveo oloanorid orid Bbnaqxe scll'i
eeloeum ©serid lo noldaxalsH .eld dels nsqo ©rid risuoirid egni/I
©rid lo esle ©rid nl noldonben 8©ex;eo Briln ©rid lo dneoesb bna
el eeooonq ©riT .©oslq ae^iad noldanlqx© ©rid bna 'jdlvao oloa'torid
belllbcffl 0ia riolriw jadqse lo dnsaqcXeveb ©rid b©bla 'leridnirl
nol ©me ©rid ena nolde'ilqes'i lo eolqlonl'ia ©seriT .en^a'iriqalb
neqqij ©rid od benoedda ©‘is ecfln eeoriw ^eeXdnnd dqoox© edolnmA XIa
YnodanlqB©*! no bol'irrso el esXdmd nl noldanlqeoH .Xleris
. 5imrtd ©rid nl bedsooX 8©Iobu«
v-f'
.
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*
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ORDER RHYNCHOCEPHALIA
The first order of reptiles, Rhynohocephalia, is representee,
by a single species, whose only living representative is
Sphenodon or Hatteria (Pig. 40). It is a lizard-like reptile
about 16 Inches long, now confined to a few small islands off
the coast of New Zealand. In its native habitat it is commonly
called tuatara, a name that signifies the presence of spines
which are found on the mid-dorsal line, at more or less regular
intervals, from the head to the end of the tail. It is facing
extinction, being eliminated by wild pigs, dogs and cats, rep-
tile-eating tribes, brush fires, and civilization in general.
There are no recent studies of the Sphenodon available.
These animals grow very slowly, so that full grown speci-
mens are many years old. They are sluggish in habits and fond
of the water, often lying full length in it during the greater
part of the day. They may live in holes dug by the mutton bird
but also burrow others for themselves in the loose sand and
pebbles on the banks of rivers or islets. Captive tuataras are
constantly burrowing.
Lung structure
The tuatara represents the simplest lung condition among
reptiles. The lungs are two long thin sacs lined with infun-
dibula throughout (Pig. 41). They have partly transparent walls,
"'Entirely from A.K. Newman, 1877. This is the only account
of any length.
p.*; rI
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^:3 aCJf 4 q**x lo 'i«Jb*xc er<V
Hf GvicfB:t/ift'«f>nqo"x 3ntvll vino ©eoiitv ^soiooqs ©X>,.f g
olXclqo': w>itX-<£>'iBa!.f:X e r t <, (OP 'to ! jbciivdcf
a
't'io i5ntcX«X XlfloiR wi^J a o:t boalicioo «cn
,3r£oI Re^tionX 9X ^vodji
^laooauoo JI dir-ctXd/sri ^vtSsr. bJI nJ. .onjjlBdS woH 'io ctnBoa .»cd.
Jo i^oxj9 R 6 'iq €»rfd^ aoJItiajtXe eiimn a heCXBOi
'lo f}'jom I*? aXX XBHnob-fctfli ©di no fani/ol ©•' <8 d'»trfw
^nloi2 'l R? ix .XXb? arfi lo bne odd od bsad mo'll ^eX/’V'iojni
-qis'i ,Ru0o ViB F.^ob p-^Xg bX^iff ^cf be^lRfiimXXe 3ni.©d
.rja'xenf‘^3 nX aotdB^illtvlo bne p.egXl /fai/id ,ui^*>dZrEu 3nXJtfl0-RXZw
, « Cd ; '’X svi? frn6or3dq2 ailt lo fjolJbt/c^a dneo^'t on B'lja o'ted’I,
-Xceqa IIj^I o« ^yJ.mX.H eXBtnZn^ &e 3 rfT
I
bnol brTt> egXffBfl' at daljssiur-a a'lB ^odT .bio eaotr.^
^©v+ae't^ I'dd QnHub dl nl dd^nef CXi/l arrlYl f^^dJc ,‘i©J/)w e/f;X lo
0*1 to nOJcti/m erisf x<^ aolod nt ?vM >f©.ca x^dT .l«-b lo ctiaqi
I
i>np Jjn«K oaool orii at RevIeJis:f^dd gol Rrt©dgo womi/cf oeIb dud.
oYl^ jBo .RifoiRjt 'lo Q'levi'i lo 3>fm^d Olid no af. r.ddBfrt
.3/1 twc'T'Tffd xt dnadenoc
ivnudound li gnx/J
3rfom« no tu tbfjor> sairl daeiqmtn edd ednoa&aq^'i fiiffdL^L'd od'.
I
-nt/liiX dltfj oocitl eoee nlAi.t ^ttol oyfd Rani/X ©ilT . r.i.Xqort
lj,sXXx5W dno'isqanaTivt ’^14‘iaq ovari .(I^.st^) duod%,(ro’Xdd Blt/dXbii
ijdnxfoooa vino ©dy fI alcfT .VV8X .natnwoTI rcronl ^Co'tXdTcSt
'
,'
on the inner surface of which are a few villous-like projections*
The lungs extend nearly the whole length of the body. The left
|
i
and right lungs are of nearly the same capacity, each with a
large atrium* They resemble amphibian rather than reptilian
lungs, but are efficient enough for an animal that is very
sluggish, sleeps most of the day, and always moves slowly*
Air-tubes
I
The trachea is long and straight with soft, flexible rings
of cartilage, irregularly arranged and incomplete on the dorsal
side* The two bronchi are very short and terminate immediately
I
after their entrance into the lungs*
Nostrils
The nostrils are two small holes almost hidden by lateral
cranial skin ridges* A probe passed into them passes downward
and forward*
Division of body cavity
The body cavity is not divided by a diaphragm, but a por-
tion of the peritoneum is attached to the ribs where a diaphragm
would be expected*
Mechanics of breathing
As the abdomen and thorax are tightly bound by the abdomi-
nal ribs, they do not change their form, and only the vertebral
E£iotd 0i>lo^q © 3f^I- 8 UcIIiv w©^ a b'ib rfolriw lo ©SEl'ixie T[©nni ori:t no
^1©C .’jff'I .\:bocf exict Tto fl:fsnoI ©Xoriv.- eri:^ V-^Taen bn©dx© Rj,ntl ©xlT
a fl^lw ticiBS ^x^to&qBO emBB sxl;J •cl'xoon lo ©t:© p-aruil ctxi^^.t'i bnB
nflXXlctqs't naxid ‘xerioB'r nEXdixiqiiia ©Idmeaert .nufi’T:tB ©aial
ai cfaxl^ Xattf.na na 'lo'i rij^xxon© cfneioXll© ©*ib disc tcgnixl
Tjlwole eavoflT eYRwIs f^jna tXBb eiid lo cfeom eq©©!© ^rieij^sx/Ie
secfjLfcJ-'TiA
B3n.H elcflxeXl ^^Ioe ddlw dd^lM^de hew gnol ©X Eexl&sict ©riT
laetoi: &sfd no oJ»XqtnoonX bxia b©sfii»/t'ia YX'tjsXnsenl ^e^fiXlctiao 'lo
YXeiJaibeniicX ad’arrlane^l bna ^'lorfe IdGnond owet eriT .ebX3
*8grf.ul ©xld- oc^nl eonaredn© 'iXerld ‘ledla
8XlT:d3oW
CaT:odEX nebbirf deoinla aalorf IXarfre owi 9'iB el.I'tdeofi eriT
biBWiHwob eeseaq raexXd- oonX beaeaq ©cfo*iq A .eesbXn: rrX>{B laXxiBio
.bnBwio'l hciB
YdXvBO .'loXeXvXG
-rcoq B stud trfi3 B'’iriqr- lb a babXvXb ion sX Y^'od ©rlT
n3 a*tffqBXb je snexlw ecfXt orli oi bfexioaiia el muanoil'tsq ©xlt lo noli
fcadoeqx© od Muow
Snlriia©*!©' lo eoXniixXo&M ,
-Ixftobdc 6xli xd bxmod XBicric ban neenobda ©di eA
Xandodnov odd vino dxib .m'lol nl©dd ©snarfo don ob Y®d3 tSCfln Ian
ribs move during respiration. When the tuatara Inspires its
throat swells, then the l\mgs expand. The walls of the trunk
jare then motionless for many seconds, sometimes about half a
jminute before expiration occurs. The pharyngeal cavity is large
and during inspiration it greatly depresses the hyoid and
trachea, thereby enlarging the pharyngeal cavity still more.
In this way, the animal Inhales a large quantity of air, filling
the lungs, trachea, pharyngeal cavity, and mouth, enabling it
jto remain under water for hours without coming to the surface,
iThe quantity of air in all these cavities amounts to several
j
cubic inches, which is sufficient to sustain life for some time
in a small and cold-blooded reptile.
Hiti. as'iJt-iBnl neri^ . ilc^goi ^txl'iub even ftcfii
:j(ni.*’i^ ©rfd' lo sIIaw ©rlT .fjn^jqx© egiiJjX ©rfeJ nsrict ^eXIewa ctBonrid
fi llBri SifodQ eemlds£302 ,eX>rfooos •^nBin "roJ r salnoictoiri ©ib
ogTBl piX iBe^n^'jfidq sriT ^e'fwooo noi;tjH*iXqxe enolecf e.tunXin
XwtB jblo^rf erlct ef>ep.»*rqob ^lOBe^x's :fi; nolitfi'iXrreni g/il*infe bnp
,
.©'Tom IllJe vjcfXvBo Ijs^gn^TBriq grrlaTfllne yicfeae/lJ tBexlcBTC^
gntll tl t*iXB lo M selBiixiI Xami/tB er£ct c.ldd nl
jartiXcfPn© ^rid-i/om foriB XBean'<,7'rBr(q ^flariOBiJ ^e^iwl odJ
.©OtilnLUE orict od" snXirtoo d^;orfdlw s'TiJ'orf 'lol 'lecfBw nehny nlBraoq od'
Xfineves od edni/omB BslJlvao ©asxld xXb nX t;Xb lo '^dXdnsup erlT
©I'oXd ©race *101 slXX rficdei/e od daaXoXllye p.i xloX/lw ^^erioni oXcfyo
.eXXdqeT: bfibooXd-ijXoo baa Hemp: a al
Pig. 40.—Sphenodon p\mctat\im. (Prom Newman.)
Pig. 41.—Lungs of Sphenodon, ventral view. Left lung
opened to show the alveoli. (Prom Kingsley,)
i
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ORDER CHELONIA (TURTLES AND TORTOISES)
Lung structure
Two very large symmetrical lungs are present, one on each
,1
side of the vertebral column in the hollow of the carapace* The;!
parenchyma is well developed so the whole lung has a spongy
texture* There is no atrium* The bronchus, on entering the
lung continues as a large tube extending to the posterior end.
Prom this main bronchial tube secondary bronchi diverge at
right angles and end in Incompletely separated air-cells which
are smaller in the anterior than in the posterior portion of
the lung (Pig* 42)*
.
I
In the tortoise, Testudo orbicularis, the lungs cover
i
nearly the whole of the testae. They are cellular as in the
!
I
frog* Each lung is subdivided into four or five indistinct ii
I'
lobules. The cellular texture is not uniform; the cells of the
,
middle lobules are smallest, and those of the posterior lobule I
largest.
In Chelydra serpentina (Mitchell and Morehouse, 1863), the
'
snapping turtle of the United States, the lungs are wedge
shaped, with the base of the wedge located anteriorly* They
lie in contact with the vault of the dorsal shield and are
separated from each other by the large retractor muscles of the
neck, the blood vessels, and the nerves* The walls of the lungs
are very elastic, thus facilitating the act of respiration*
Prom Mitchell and Morehouse (1865)
( BinJ LitoJ .c ';...uno
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Hi,- ' 5 £!.') c'i.o ,Jn^/e^,xq B'IB r'^^nkrl XftO f ?: o^T
''
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tjiiJ 7o wcXXofl nJ nmflc.r^ rn':r<o ..'ivv r.dX 'tc . K.i ;
,.,s*‘V'Ta ^ '^n(.rl f)icri’A/ r;i<..j f3e';oX« vo;' CCo*' r: t r-tcciion^-i!'
'
orlJ >,/r.l;*xoXn9 nc ^ ‘'irdono'ccf od? .to "fi r.X eio: . 'T<j.i;r 'd
ir- i'iijilRoq ‘i-d .! oct f.'.ac j:;:o t'dnct r r./ p.e*;rnL* r.oo gnij
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n.2 PR -^zlrSi^v vJ'is 'u: 'Hrorf./
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^
eT£! bjdp bCeinp r/^o^rob ©drf to tli/BV ©dJ riulv/ ton.^n/'O rfX ot!
pii.t to EeXoejffi! 'rotOjii "d'o-T o?i"jtJ3X ©dj xd '•ledXo ncx^- ujo'-i't o'T.-.qoo
p^/rjJ !')rid to ull/r*' o/rr ©dd f)r > , -vC': .':;«ov bgcid ©dd
,/JoXd/sT.tqee'r to do© crld ^rXdp.c IIXl nt . '•'>v otp
(oOPX) ^e.0Tjfi0‘-ior< fvnir: XIioJojIM '.•/d'"
They give no evidence of muscle fibers.
When the neck of a turtle is retracted, the trachea forms
j
a loop to the left which is straightened out when the neck is 'i
extended. The bronchi enter the lungs at the ventral median
edge, a little behind the anterior extremity.
j
Mechanics of respiration in Chelonia
j
1
1 I
Mitchell and Morehouse (1863), in a lengthy study, give
I
their conclusions arrived at from numerous experiments to show
the mechanics of respiration in the turtle. The function of
j
the muscles was determined by observation, by stimulating them i;
I directly, and by irritating their nerves. The object of the
!,
Ij
report is to show that turtles do not swallow air in breathing
|
1
I
but that their respiratory acts are carried on by inspiratory il
I
I
and expiratory muscles situated in the trunk. This explanation h
: i
corrects a common idea that turtles inspire by swallowing air
|
as frogs do. This idea probably arose from observation of the ‘I
'
1
Ij
' panting movements of the under part of the throat, common to
both Amphibia and Reptilia.
The solid thorax prevents the freedom in respiratory
movements that is typical of higher vertebrates. The ordinary
quiet respiration in mammals, when the ribs are at rest and
I
the cavity of the thorax (enlarged by the descent of the
j
diaphragm alone, is comparable to that of turtles in which the
j
cavity is enlarged by the contraction of the muscles of the
j
flanks.
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Turtles breathe at very irregular intervals. These are
much prolonged if the turtle is in water, and half an hour or
more may elapse before it rises to the top to take two or three
inspirations before plimglng. Turtles breathe easily with the
mouth open or shut, quite different from Amphibians. The res-
piratory process has three phases: (1) complete expiration;
(2) complete and very full inspiration; (3) an appearance of
slight or partial expiration followed by a pause of greater or
less duration. This sli^t expiration relieves the lungs of
any surplus air.
Whenever a turtle breathes in air, these triple actions
occur, but when under T/ater it occasionally expires air, without
rising to the surface to renew the supply.
Mitchell and Morehouse found that the breathing power of
turtles, unlike Amphibians does not lie in the hyoid arches,
larynx, or mouth. In the turtle, the nostrils do not have
valves as in frogs and the shape of the horny lips render it
impossible to make the mouth air-tight enough to act as a
chamber in pumping air into the lungs. Furthermore, the laryn-
geal cavity is too small to act as a chamber, and the hyoid
arch in its descent does not enlarge the pharyngeal cavity.
The ability of turtles to hold air in the lungs at will,
or when subjected to great external pressure as occurs in marine
species, is determined by two pairs of muscles situated around
the glottis and controlling its movements. These are the crico-
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arytenoid muscle which opens the glottis lips and the crico-
hyoid which acts as a sphincter, closing them. These muscle
also prevent water from entering the lungs*
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Fig. 42.—Diagram of formation of lungs in turtle.
View A, showing intrapulmonary bronchus, with several primary
alveolar chambers invading the surrounding mesoderm.
View B, showing intermediate stage.
View C, showing the adult condition. The chambers have
become subdivided into alveoli by Ingrowths of their walls. The
mesoderm has been reduced to partitions between the chambers.
(Prom Walter.
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ORDER CROCODILIA
Crocodilia include the crocodiles, alligators, and caymans,
They are distributed widely throughout the tropics and generallj
are enemies of man,
I
Lung structure
The lung structure is complicated as shown by the great
|
increase in respiratory surface. The lungs are oval in shape
I
(Pig, 81). The parenchyma is well developed giving the whole
|
1
l\ing a spongy texture. There is no atrium. The main bronchus
;
i
extends to the posterior end of the lung and branches systematl-|
cally into secondary and tertiary bronchi, which divide into
|
smaller tubes leading to infundibula (Cam, Nat, Hist, Vol, 8), '
The lungs are enclosed in a pleural cavity, distinct from
'
the abdominal cavity, due to the presence of partitions or so-
called diaphragms.
Crocodilia is the first group of reptiles to have features
that characterize it as a mammalian type of l\mg.
AiJiaooorio nmao
• bcihttsY.no bnj3 ^sj'.CIixjooto ed^ ^hirXonl atXlboooiO
I
]tXIfl'isn93 ftna eoXqo'i;! orfJ ctirorfgjjo'i;f;t ^X-^ftjtw jba:tiJcJ oia ^c©/iT
I
.rteifl to eelmene $*18
(
grtoJ
oxi:^ ^cf nwofls bjb bod'BOtXqmoo eX 3nal ©rIT
t
,
oqarfe at lavo ores a^aifl ©ilT .aoB't'iUB X'^o^eilqge'i at eBoe iont
dXofiw add gnivXg b5qoX©v©J3 XX©w el arx^rionft'iaq erlT
.
(Xfi
|‘ ax.fflono'icf nl/tim ©/IT .tat/lTTcJa on at ©le/iT .©'u/cfxocf XBaoqa a gni/I
I'
serfofie'irf hiia gnoX srict to bno rcoltad&oq odd od abnadr.a
oXrrt ©bXvXX) rfoXriw ^Xrfonotef bna •y;nj8hnoo©B odat ^XXbo
.(8 .loV .cfaXH .dal/i .ntaO) alorfX.bnf/'inX ocf yntbsQX zedui lelXcnre
raonl dontdath ,^:rXvBO iB'imlq a at boaotoao aan agmrX eriT
“Oe 10 enoliidiaq to occiaeoaq ©rio sub .xdlvHO LaatmobdiB ©fl^
. Eraga'irfqfixb beXXao
ce'iiifvJjBel ©VAri od aelXd'q^'r lo qi/oia .tciXl add ei BlXtboOGiO
juurx lo ©q\:^ /tJBXXjsmiitiBrt b bb dl sstaedoBaBde rfsrlcJ
ORDER SQUAMATA
The two subdivisions of Squainata, the Lacertilia and
Ophidia, comprise the most dominant group of reptiles of the
present day. They exhibit a high degree of adaptation, being
terrestrial, fossorlal, arboreal, amphibious, and aquatic.
A. Lacertilia (Lizards)
There are 2500 living species. Although they prefer the
tropics and subtropics, their representatives are found on cold
Siberian plains, scorching deserts, moist lowlands, high
mountains, and the seashore. They climb, run, swim, and burrow. '
The majority have well developed legs although a few degenerate
burrowing forms are limbless as well as practically blind. Most
I
of them are beneficial to man due to their preference for Insect
food.
Lung structure
The lungs are elongated sacs extending far back in the body
cavity, usually paired but not always symmetrical (Pig. 44). The
whole lung has a spongy texture with the parenchyma much better
developed in the anterior region near the entrance of the bronchujs
and gradually dwindling toward the apex which may be thin and
saccular.
In lizards septa extend from the wall of the lung nearly to
the bronchus (Pig. 38)
,
thus dividing the lung into chambers that
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are lined with alveoli (Pig. 45). Each septum consists of a
central framework of elastic fibrous tissue lined on either
side by a network of capillaries. This plexus is covered by
hyaline pavement epithelium. Tracts of ciliated epithelium are
found along the margins of the cells, the course of the blood
vessels, and along the denser tissues. The double layer of
blood vessels in each septum is a point of structure character-
istic of the reptilian lung. (Williams, 1859).
The Varanldae which surpass all modern lizards in size are
the highest form of Lacertllla. The lung is spongy throughout,
and has no atrium. The bronchus divides into distinct secondary
bronchi which have smaller divisions that lead to infundibula.
In Ascalobatae, Iguanidae, and Varanidae (Goodrich, 1930)
the terminal thin-walled sacs may be prolonged into blind
processes. These are especially numerous in Chameleons where
they extend among the abdominal viscera and help the animal to
distend itself.
Camp*s "Classification of Lizards" (1923) includes the
following outline of lungs.
"Milan! (1894) distinguishes four degrees of differentia-
tion of the l\ing structure in lizards.
(1) Sphenodon type. This type is found in certain seines
and teiids. The lungs are simple alveolar-walled sacs without
septa and different from Amphibia only in specialization of the
trachea.
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(2) Lacerta type. Here there are a number of septa divi-
ding a portion of the lungs into small internal chambers. This
type is developed from the Sphenodon type by enlargement of some
of the alveolar walls and is not essentially different from it.
This type is found in
a. Gekko verticillatus
b. Gekko vittatus
c. Tarentola mauritanica
d. Tarentola annularis
e. Gymnodactylus platurus
f. Thecadactylus rapicauda
g. Hemldactylus turcicus
h. Calotes Jubatus
i. Tlllqua
j. Lacerta ocellata
k. Lacerta agilis
l. Lacerta viridis
m. Zonurus glganteus
(3) Iguana type . This type is found in a n\miber of iguanids
and agamids. The lungs of Heloderma and Phrynosoma approach but
do not attain the typical development of this type. It is still
more highly specialized by marked extension and enlargement of
the less numerous septa,
(4) Varanus type. This is the most highly modified of all
irith long Internal bronchi and a spongy Internal reticular net-
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work as in mammals. The 'avian lungs’ of Uroplates and Polychrus
have the finger-like processes characteristic of some chameleons
.
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Internal septa develop as in the Iguana type.”
California Limbless Lizard Anniella pulchra
Coe and Kunkel (1906) made a detailed study of Anniella
pulchra, a limbless lizard widely distributed in California,
Arizona, and southward* It prefers dry and barren localities,
deserts, and the sand dunes of the seashore. This lizard is
of interest because it presents a number of anatomical features
which deviate more or less from those characteristic of lizards.
Both lungs are functional. The right lung is much elongated
and well developed while the left is small and rudimentary*
Both have a similar anterior lobe*
The larger right lung is long and tubular (Pig* 46), larges :,
in its middle portion and tapering gradually to a slender pointe<:.
posterior end. The trachea enters the median border of the lung
a short distance behind the anterior end, which is thus extended
forward as a short lobe. The lumen of this lobe is directly
continuous posteriorly with that of the main portion of the lung
,
although there is often a slight constriction in this region* Ij:'
the constriction is marked, the opening into the posterior end
of the lobe is narrow.
The left lung is usually less than i as long as the right.
The cavities of the two lungs are connected by a narrow opening,
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oval in outline, and situated at the extreme posterior end of '
the trachea. The anterior projection from the rudimentary left
lung is often as large as the corresponding projection In the I
i!
right lung. jl
!
Although the cavities of the two lungs are well separated,
j
the lungs themselves are closely bound together by a sheath of
strong connective tissue except at their anterior and posterior
extremities
.
Both lungs are functional throughout in spite of the great
|
difference in size. Their walls are thin and membranous as the ^
I
septa bearing the blood vessels form only shallow alveoli. The
atrium, therefore, is nearly as large as the lung Itself.
The large lung occupies the right side of the body cavity
and extends posteriorly on the dorsal side of the liver, while
the esophagus occupies a corresponding position on the left side
of the body. When the esophagus is empty and the lung distended,
the latter actually fills the whole ventral portion of the body
cavity for some distance behind the heart and then lies ventral
to the esophagus.
In an adult lizard, about 170 mm. long, the average length
of the right lobe is about 35 mm. and that of the left lobe
about 8 mm. The length of the trachea is about 30 mm. There
is great variation is size, particularly in regard to the rudi-
entary lung.
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iPig. 43.—Diagram to shov; the choana (dotted) in alligator.
It leads to trachea behind a flap-like velum in the back part
of mouth cavity, which enables the animal to breathe under water
and at the same time to drown its prey held between the jaws, so
long as external nostrils are above the water line. The velum
closes off the inner choanal opening from the mouth cavity.
(From Walter.)
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Fig. 44.—Lungs of the lizard, Sceloporus. (Prom Adams.)
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Pig. 45.—Section through lung of a Lacertllian. BR, lateral
external bronchus; MBR, main internal bronchus; LBR, secondary
bronchus leading to air-cells; A, anterior saccular extensions
of bronchi; P, posterior extensions of bronchi. (From Goodrich.)
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E, esophagus
S, stomach
D, duodenum
I, ileum
C, rudimentary caecum
R, rectum
T, trachea
L, lung, with large right, and rudimentary
left lohes
H, heart
LI, liver
G, gall bladder
P, the lobes of pancreas and spleen
Pig. 46.—Diagram of digestive and respiratory organs of
California Limbless Lizard, in their natural positions, ventral
view. (Prom Coe & Kunkel.)
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Amphisbaena Brazlliana"^
This lizard is the exception to the rule that the right
I
lung is better developed in cases of asymetry. It belongs to a
I
degenerate family of the burrowing type, legless, with eyes and
ears concealed. It greatly resembles the Amphibian caecilian,
being worm- shaped with numerous rings formed by the soft skin
j|
but it has a long forked tongue by which it may be distinguished
from the caecilian.
|
The rudimentary right lung is about one-half inch long,
i
and like the long left lung has a short forward extension. The
I
left limg extends posteriorly into the body cavity as far as the '
end of the liver. It is a simple sac, with the usual honey-comb
1
appearance, and a large atrium, all characteristic of the typical
lizard lung. The trachea is continued only a short distance into
the lung and that portion within the lung shows irregularity in
the arrangement of the rings of cartilage.
Heloderma suspectum (Gila monster)”^*
This lizard is the only poisonous lizard native to the
United States. It is called a beaded lizard because the body
is covered with bead-like tubercles.
Unlike the two lizards previously discussed, Heloderma
|
I
I
*Prom Beddard (1905)
[
I
**Prom Shufeldt (1890)
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suspectum has large symmetrical lungs (Pig. 47). They are wide
anteriorly and narrow gradually, ending in a rounded tip. In
the anterior part the tissue is fine and spongy, while the
posterior region is composed of sacs covered by a serous coat
of dense texture, filled in by air-cells that are larger and
more open. This is a typical condition in this class of
vertebrates.
The glottis is a narrow, medio-vertical slit with no
epiglottis, but the sides press close together so food is pre-
vented from entering the trachea. The trachea, including the
larynx was 7^ cm. long in this specimen, and composed of about
57 cartilaginous rings, all incomplete dorsally. A few of these
bifurcate as in man. Throughout their length the bronchi are
almost as wide as the trachea. They curve slightly in the
anterior part of the lung. Cartilaginous rings are lacking
posteriorly where the lung tissue is coarser. Bronchial branchei
are not definite as communication is made with the lung by means
of short necked apertures found at a few points along their
sides, mostly anteriorly.
Chameleons
Certain lizards, notably chameleons, have lungs with sac-
like extensions (Pig. 48) which enable them to swell up to some
extent, an act which is more of a protection than a respiratory
aid (Walter, 1928). In most other respects the chameleon lung
is a typical Lacertlllan lung with a large atrium, lung tissue
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Pig. 47.—Anatomy of Heloderma suspectum, ventral view.
TR, trachea
C.A., carotid artery
T.G., thyroid gland
R.L., right lung
L.L., left lung
L.C., anterior cap of peritoneum (cut short) in which the
lobulus cardiacus of liver is lodged
OE, oesophagus
I.J., Internal jugular
H, heart
(Prom Shufeldt.)
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Pig. 48.—Lungs of Chauiaeleo monachus. (Prom ’^ledersheim.
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B. Ophidla (Snakes)
Althou^ snakes are degenerate in certain respects, on the
whole they represent a more advanced stage of specialization
than lizards. They are limbless with the exception of a few
that hsive rudimentary limbs.
They are extremely sensitive to cold. In northern countries
snakes survive the winter only by burrowing into the ground be-
low the frost line, therefore most of the 2300 species are found
in the tropics or semi-tropics.
General types of snakes have holes in the ground as retreats
in danger or for hibernation. Desert snakes burrow to protect
themselves from the high temperature, A few snakes are arboreal.
Several are aquatic, some living in shallow water and others in
deep ocean water far from shore.
The shape of the body is modified to meet the environmental
requirements. Burrowing snakes have round somewhat rigid bodies.
Tree snakes have extremely flexible bodies, often compressed.
Flattened bodies are characteristic of the sluggish vipers and
many desert-dwelling forms. Some aquatic snakes are shcxrt and
heavy but others are slender with the posterior part of the
body compressed.
The sternum is lacking and snakes actually walk on their
ribs, each of which is equipped with a separate muscle. The
ribs of snakes are attached dorsally along the entire length of
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the backbone which is made up of numerous vertebrae. The arti-
culations of the vertebrae give the snakes their litheness, so
that with a single movement of the ribs and scales they can
climb, leap, swim, and stand erect for a third of their length,
and run swiftly without the aid of legs.
Lung structure
In the snake there is, as a rule, a single elongated lung,
the right. The left is rudimentary and may or may not be func-
tional. Sometimes it is absent altogether. In some species
both lungs are almost equally well developed, but the left is
generally shorter. In addition to the typical lungs, some
snakes have a structure called a tracheal lung, formed by respi-
ratory tissue at the dorsal side of the trachea.
The rudimentary lung, if present, is on the left side of
the body but in a few species this is not evident due to dis-
placement of the viscera, in a more or less rotary direction.
Butler (1895) has determined that in snakes, if one lung is
rudimentary, it is always the left. One of the characteristic
displacements is of the larger rl^t lung from the right side
into a dorsal position underlying the vertebral column and ex-
tending partly into the left half of the body. Therefore, the
right lung is in the various accounts of Cope referred to as the
dorsal lung, and the left, if present, as the ventral lung.
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The lung is perfectly smooth externally and with few ex-
ceptions internally for the posterior two-thirds of its length
(Fig. 81). The inner surface of the anterior third becomes
|
I
more and more divided until the anterior sixth where it is 1
elaborated into many small sacs or alveoli, each of which com-
municates by a circular opening with the cavity of the lung
(Miller, 1893).
Each alveolus (Williams, 1859) divides into secondary and
tertiary alveoli. The individual air-cells are surrounded by a
j
septum that is complete, so there is no communication between
^
!
the cells. This septum has two layers of capillaries separated
from each other by an intermediate layer of elastic tissue.
Over the interior of the lung ciliated epithelium is distributed
sparsely along the courses of the larger blood vessels, the
borders of the cells, and along the lines of thickened tissue.
Python (Cuvier)
The Python is described by Hopkins on and Pancoast (1837)
and serves as an example of a snake that has two well developed
lungs. The Boas which belong to the same family as the Pythons
j
have the same fundamental structure, '’The only serpents in
i
which there is a pair of well-developed lungs are the Boidae"
(Beddard, 1906, Vol. 1), No tracheal lung is present in either i
(Cope, 1894),
I
I
/'
•
»
^ ^ aiifc A-,rT»r' 4^ 4w»wti<wij&f}hB|f t
sli ' .11
I, <
-xe w»l rfiiw bntt ^jCXaftiectxe dtfoowB s^ewl ©rfT
c:JJt lo «b*tl£l^-ow4 Ttol'ioJooct ©rf:^ tcoI TC't^Hfpio;tnJt sncWqeo i
aomoo^d hnhi:S iol*i©daB odcl lo oonlviun teant .(18 .gX^)
B t aiodir ddxJte 'J.ol'xo^fts 0x1 :^ habXvXJb o*ioa bna oiom
*
-moo doXdvf riooo ,XIo»vIs lo aoae X l£w« vnam o;fnX Seda'iodaXa
1.
^sj£ 9iid to ^dlvao atf^ rIdXw sfrlnoqo ^"laXtfO'xXo 5 ^d ao^aolnina
.(6G8X %^©XXilC)
dj
I'
.
' c*
' fetta ^riabnooBu o^^rti aofilvlb (Gd8C ,Bmal£XXW) ai/IoevXM rfo&3
r *
ra** Yd Jbo5cj/oT:itfe eXXoo-tla laifbtvtbni od^ ,JlXo«vXo
’* #5.
i
fieavfdod no td«oX.rjx«f!ioo on^et «*i«dd os ,ada£qitK»o e.l dx«ld itir/dqsa
'i 8<
£>o»'tA'Xi?q0 R B9l'XJiXXlq»o *to 9ti*x^J. owi aari naidqos aXdT .sXXeo
' t' .StfftaXd oX.Ja«X© ioybX oia ihemsdiil n» ‘lo/ldo rioae wo^
.'r
»
,.
•
.
im.
‘i
!
•r
V
,
,
|boc?ijdX-xd8l£> aX au/XXodXXq© bedaXXlo anirX ©fid lo »ioXiedffl ©rid toitO
©Aid ^aXoBsov booXtf noynaX ©dd lo aoe'iwoo ©fit jjnoXs ^I&an^^qa
otjsaXd bono’rfoXrfd lo asnIX ©dd sxjola bn© .©XXoo ed^ lo artsMod
(*x©XvirO) norfd^l
O
i.^'
- j
'
' l>
W'
[lli
(VS8X) dajaoonal bna noealylqoB xd bodX'XOSob aX noridY'X
D©11
;
enoddYl.®^ e© yXXwjsI omiia ©rfd o? gnoXatf floXdw euoa ©ril' .egai/X
'<ii D
nX Bdnsq-ioa yXho odT^ .©•ti/doi.frtda XBdnootBbnwl omaa odd ©vari
"osbXoQ ©dd agiUJX‘ beqoXevob-XXow lo *ilflq b bX 8*i©dd rfotdv
qoddl© aX dnoeo-nq eX gru/X ^,Xfl®(loB*xd oH .(X .XoV ,6061 ,£>qsb£>©e.)
'
.(wex ,«qoc,)
;i
s
70
In this specimen of Python (Cuvier) the trachea is 1* 8"
long and 3/8" wide, with cartilaginous rings incomplete dorsal ly,
I
Each ring is connected to the adjoining one by an elastic i
i
membrane, so that when the trachea is stretched lengthwise, it
j
easily regains its former condition. In the region of the
I
heart, the trachea divides into two bronchi*
|
The lungs are two distinct bags, united along their middle '
edges but separated at their ends. The difference in size is
less marked than in most snakes* The right lung is 2^ 10" long
j
and about 4" wide, and extends as far as the gall-bladder. The ;
left lung is 1* 9" long and 3" wide, and extends as far as the
posterior end of the liver.
The upper part of each lung is spongy, the parletes thick,
and the inner surface covered with a loose reticulated tissue. i
The lower 4/6 of each lung is thin, semi-transparent, and has
fewer blood vessels than the upper part.
Pelagic Serpents
Hydrophis schistose*
Pelagic serpents (Cantor, 1841) compared with terrestrial
serpents show great modification in structure especially of the
respiratory system. In all other serpents, the anterior ribs
only are used in respiration but in the pelagic serpent whose
lung extends to the anus, the entire set of ribs assists in
respiration. In a specimen of Hydrophis schistosa three feet,
*From Cantor (1841)
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ten inches long. Cantor counted 168 ribs. A tracheal lung is
present (Cope, 1894).
The nostrils are small and furnished with a membranous
valve which is open to admit air and closed to prevent the
entrance of water.
The trachea is long and cylindrical and gradually widens
posteriorly. It extends as far back as the liver. At some
distances anterior to the heart it becomes cellular and from
this point the single lung commenced (Pig. 50). The lung is
long, narrow, and cylindrical but in several places it widens
into spacious sacs (Pig. 49). Near the posterior end of the
liver it becomes narrow and continues so for the rest of its
length. It is attached by a short round ligament near the anus.
Internally the lung structure is unusual because the entire
lung is spongy, although to less degree in the posterior part.
The whole of the cavity of the lung is lined with cilia.
This great develonment of* the lung indicates the importance
of its functions. First, it serves as an organ of respiration
and a reservoir for air, which allows oxidation to be carried
on in the body for a considerable length of time when the jnouth
and nostrils are closed, while the serpent goes to great depths
in search of food.
Secondly, the lung filled with air floats the body, parti-
cularly when food is swallowed and the specific gravity Is
increased. I’he filled stomach, by pressing against the lung
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causes the part posterior to it to become isolated and serve as
a float.
Tracheal lungs
In snakes "the lung- substance may exist from the very com-
mencement of the trachea, forming the so-called ^tracheal lung*
which itself shows considerable variation in its condition in
different serpents,” (Beddard, 1906).
In discussing the wide distritwtion of the tracheal lung,
Beddard, referring to Cope says "...after a survey of the
leading groups of Ophidians found it to occur in the principal
subdivisions of the order or suborder,”
Thompson (1913) gives some reasons for the presence of
tracheal lungs. (1) The tracheal membrane contributes to the
flexibility of the trachea, permitting it to be subject to
greater pressure especially when bulky morsels pass through the
esophagus, (2) Being continuous with the lung, it increases the
pulmonary area, especially when the lung has been encroached
upon by other organs, as in Viperldae, where the elaboration of
venom requires a large liver. Since the body in these serpents
is, as a rule, short and thick, the liver crowds the lung, so
the pulmonary tissue tends to spread out along the tracheal
membrane. (3) In Hydrophidae, sea-going snakes, an increase in
pulmonary area is required to give buoysmcy and to enable the
snakes to remain for some time beneath the surface. In
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Acrochordinae, the members of which are aquatic in their habits,
there is a highly developed tracheal lung.
Cope (1894) found marked gradations in the tracheal lung.
In the genus Heterodon (puff-adder) it exists as a pocket along
the trachea, reaching to the head, and without communication
with the trachea except by way of the lung. In Solenoglypha
(vipers), without exception, the tracheal lung exists, extends
to the head, and its lumen is continuous with the trachea and
with the normal lung. This is true also of the sea-snakes in
in the genera Hydrus and Hydrophis, and in genus Ungualla, the
only one in Peropoda to have a tracheal lung. The tracheal
lung is distinct from the true lung in Platurus and Chersydrus
(sea-snakes). In Platurus the trachea is separate from the
lumen of the tracheal lung while in Chersydrus it is not.
The Hamadryad snake (Ophiophagus bungaris) or King Cobra
(Beddard, 1903) shows a peculiar structure in the trachea and
tracheal lung. The dorsal tracheal membrane is perforated
throughout most of its length by 26 or 27 oval openings, regular^
ly spaced (Pig. 51), and leading into chambers which do not com-
municate with each other nor with the lung. Between these
openings are rounded thinnings of the tracheal membrane.
Beddard interprets these chambers as possible remains of the
tracheal lung, in which the respiratory function has been lost.
In Coluber corals (Beddard, 1906) the tracheal lung is
developed to a great extent but as an air-sac rather than a
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respiratory organ. Almost from its beginning the trachea cease^
to be a closed tube and opens out into a gutter. The free ends
of the cartilaginous rings are connected by a thin-w/alled sac
several times the diameter of the trachea itself. This sac is
honeycombed and vascular in such a small area that it can aid
very little in respiration.
In Erythrolamprus aesculapii (Beddard, 1906) the tracheal
lung (Pig. 53) is very small, but functional. It is honeycombed
and vascular like the lung, and continuous with it.
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IPig. 49—Dissection of young pelagic serpent, Hydrophls
schistosa (Schlegel). E, esophagus; T, trachea; L, lung.
Total length of trachea and lung Is 3’ 2**. (Prom Cantor.)
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Pig. 50,—tnternal surface of that part of lung which receives
the trachea in Hydrophis schistosa (schlegel). (Prom Cantor.)
Elg. 51.—A portion of trachea from dorsal surface of
Ophiophagus. A, perforation leading into air-sac* B, circular
thinning of tracheal membrane. (prom Beddard.)
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Pig. 52.—Lung of Erythrolamprus aesculapii. P.A., pulmonary
artery; TR, trachea, along which runs a special branch of the
I
pulmonary artery. (Prom Beddard.)
Pig. 53. --Commencement of lung of Erythrolamprus aesculapii,
j
cut open. L, lung; A, forward extension of lung along trachea;
'
0, orifice of headward extension of lung (A) into main lung.
|L’, rudimentary second lung, the orifice into which is shown in
j
the tracheal semirings; B, tracheal lung. (Prom Beddard.)
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snoifi^sni/X loxnolanstfxB^'MBW'iol ;antri ,J
.Si7ul nlBm'^h:faJt (A) lo noi8na;fX9 bnBwbseri lo ooXp^o *0
rtl ifWodB rX rioldw' oint aoilino ©rfcf^,3nwX bnooee TC»iB;fi:eCTXf>in , J
( .MBbboff: mom) •SrtirX X8dri0js*ic» ,3 -eSfiXiluids XB©ri08‘i:J -9rfJ
IFig. 54.—Base of lungs of Xenopeltis unicolor (Reinhardt),
viewed from below. The object is to display the bridge uniting
the two lungs, the termination of the trachea, the long free
apex of the left lung, the adherent apex of the right lung,
with its tiny free tip, and anterior to it the portion of the
tracheal membrane which is lined internally with pulmonary
tissue and is bordered by a branch of the pulmonary artery.
(From Thompson,
)
•i*fT-
^y.', V.
3V»/^A»«M3ri ^A.aHOAH’r
:
.
4'-': • '’“=
J ''4 •ti ^
I**’ , /i i . • > • • 74 ' . .1 l‘V-/
.'-.v. Iv-'
*•'
u'
f
llVi
» * >
Tw .J>i 3
r
,
(
>
•
.
\ '’. ‘y
,
-.'npi
,(Jt.iBAtJtoa) noXootnu.sfSIeqSnBX to BSnwX
snl:>lruj ©gbl'irf ed:t )jrX<teI 5 oct et-^oet^o «rf+
^ os'll anoX t>si^ ^.B0rioo-ict srirf lo noXrtBrrt/msrf erfct 2
^
.anuX xaqe- ^ne'torfbn er^^t »3nx;X J>1?X aria lo X^ob
erttf lo notf^oq 9ci^ JtX o^ 'lol'iecJns beta «qlJ oo'tl
v»iBnofliXifq itJlw ^IlBAierfril bonJtX el dolrfw scts'itfmem laerio^'j!
**
.T'lel'iB v?Bno«ilAq a'ril dotisred b Tfitf be'iob'iod el bAB ou«^i
'
-ifcA ( .AoeqniorfT KCT^)
%.;
:
•4 v'/i'Vv^3ii .U,'.
t VV'W
4^’yi '•< I / ' '''*17
?;# .* I. ’ r-rV/
,. r.‘
,j • .
'
•
‘
i‘
,7)’
*3
,
•
, > i-.j«»lTk/j
AVES
The respiratory system consists of a pair of lungs and a
number of air-sacs (commonly eleven) which are extensions of
the lungs. The air-sacs, in turn, often have narrow elongated
sacs extending among the viscera and Into the bones. This type
of lung structure is unusual because air- sacs are not found in i
other animals, except in a few reptiles. The respiratory systen
in all birds is much alike. The body form in all is similar
and therefore does not require adaptations of lung structure as
do amphibians and reptiles.
Structure of the lungs
The lungs are small in comparison to the size of the bird.
They extend (Williams, 1859) from the second dorsal vertebra as
far as the kidneys and laterally to the junction of the vertebial
ribs with the sternal ribs. They are symmetrical, flattened,
i
and irregularly triangular in shape. They are held firmly
i
I
between the skeleton on the dorsal side and an almost rigid
sheet of connective tissue, the pulmonary diaphragm or aponeuro-j
sis on the ventral side. They are fixed by areolar tissue to
|
the ribs and vertebral column and bear a deep imprint of these
bones. They are capable of very little distension and undergo
jj
I&nfl lo ‘fl/jq « *to >:toc:f.*?'tiqe0'i ^J'rfT
,j
lo ?»^oik5^lectr:« /InJtfiw {itevafs ^Tr’CtTSiroo ) T:o i^dfjcun
' ooJflarjoI^ ivo-T»tBfT ovjed n^ctlo ,nn^r;J ni ta erf- .fi,^nj;.[
;r
1
8l/<T . ertocf exi:? n.1nf bn'? jG*xcx)a 'v 'jrti satki'? ^iJJsciQdxo QOf.p.
j
at hnubl ctoff ^nj* erxjp.-'iiln ©pXJiiOOfX Xfixxe/Jinx ai
‘^‘yo'Jx?nlq«e>*i ctl’i’ .8©Ii::tqd'X wdl p al ctqooxa ^eCBotirra •lebd’o
nalfwia el X nl xa'iol ^XjCX/ oI'a , 97^ 2 Xe xloiffn aX ab*i2c/ XXb fit
' ex: 0*t:r;toin;Jr 3nvX lo ano2cted'q£./jfi ^ i.fupoT iv5n qbod ^TD^enarf^ .bnxi
: .asXIrfqai baa enBltfXflqni^ qb
ij
a^nnl orf^t to
I
»b‘i2'J erfvt^ to ^i'sXe erfcJ oct rT^el.'tx^q.tf 'f' fft CXxaiv.e ‘’•^a ajiX’ixiX ^xi‘X'
CB eno’eslrtov Iwanob briooae axi^ fcxj-rJ. (G^8C , e-ss.alX 12**^) on
Cmrcfe^'iev sfli to /toltont»|; S’fltJ o-^ bnn ©ri^ qm 'lat
^bonectqclt ,X oolnctsmcv:® ane tatf ' XBn'To:ta "'d:# liJtw edi.'t
,i
i^Xmnlt bXerf eip. -^qR-da rri 'ixvXif^nRX'i^ ^Xn8l£f,:sa*xi2 bn.?
;!
' bX^X'x :f30)t£X.B rm bna ob.te Xss^ob ©rJt no ao^eXe^a eii:} croswcteo'
-onixeacq-Q no vrij^anriqjsXb Y^-anomli/q Cidj ^enecXct '7V.lto0nnoo to .loode
O't ©xxesXi T:nXo©-'XB ijd .6e;cXl ona * '3b2a iancJnav ©dJ no a; 2 -
©eori.t lo ^tnlncprrX ooab o nsoc bn£ nrax/Xoo Xsndec^nav bne so’in eri::
osisbna brtp notenecfsXb vCd^ ' tl ‘^nev to old-?qeo ena 'tsn’T .aenocl
less change in shape than lungs of other groups, especially
mammals, where the lungs lie free in the thoracic cavity.
Each lung is a three-sided pyramid with a posterior base,
and a dorsal, a medial, and a ventral face. The ribs lie in
deep furrow-like depressions in the dorsal face of the lung.
The medial face of the pyramid is the smallest, and is in con-
tact with the mediastinum that separates the two lungs. The
ventral face is more irregular than the other two. Its anterior
part is convex and posterior part concave. Both parts, especial
ly the anterior, have a rough appearance and are marked with
deep furrows, due to the bronchial branches, many of which lie
near the ventral surface and are covered by only a thin mem-
braneous pleura, which when removed, reveals the rough appear-
ance of the lung and the openings leading to the air-sacs,
(Muller, 1907),
The respiration of birds even when at rest is more active
than that of mammals. If the lungs were constructed after the
mammalian type, they would need to be very large, and powerful
respiratory muscles would be required. This would add to the
weight of the body. The lungs, therefore, are very porous and
light in weight, more fragile than the lungs of mammals, but
hlghlyvascular
,
being bright red in color, with the blood more
freely exposed to the air.
The lung is spongy but has little elasticity (Headley,
1895), The tissue consists of numerous septa with a complex
•'
‘^Ilfiloecre^ 'idrfio lo n^ni/X f^jadi 9qiscis nl .'i;^nArio ecftl r
.X^.ivJSD olOB'toritf ©ricJ ffl ea'itl etf sanwi' o/lcf e'i:»nvr ,p.Xx»r.®ern,
^ecBd 'xot'i&^eoq a rf^iw bl«t8*iiccf b©bla-8£>‘irld a ai rioeS
nl eil ediT adT .eoal Xa'idn^v a bna ^Lethem a ^Xoaiob a bn/i
|!
.anjjl adct “Jo eoal XflB'xob ©rid nl enoieaa'icjeb e-jllX
-
wotiwI cjadbij
'
-nco at al bna ^isaLlam ari^ cX hixfia-'X'^q arid lo ‘^oa'i laXoem exlT,
dxlT .Bjjnx/t owd ©rfd ee^BTaqae mxini:dEBt>e>ei arl^ d^-tX* doad
'
!j 'roX'xad’ne f^crl *dwd rterldo ©dX njarld 'ibI«3©'I'£1 ©Tioin sX ©oal iandnav
-Ix'»io©qB© ddoS .evaoaoo ;J'i£«q *ioiia:?acq t>no XQvr.oo cX dn^q
xlitXw ba-rf'TJttfi 81B JbKB ©o.rTB"ia©qq/i ris/j<?*T a ©vsrf ^noirtcdna ert-t x-
I
©XX riaXdv; to Ynaoi ,B©rfona»xd XeXrfono'id ©fJ^ oS ©x/b q©eb
-j(era & 'cXno ^cf bo*i©voo ©'ts bnij et)a*!t‘ixja Xxjqdnev orict laeft
-•x«©qqa dax/o*! ©d^ ©Xaeveq ,b©vora9‘i nedw doXdw ^aqxjaXq aqoonaid
.eoea-TiB od ^rxlbn'. ! n^nln&qo edi bna ar i/X ©dd lo ©©rta ,;
1
|j
,
.(voex ,'i0XXi/M),i
*' ©viwOB a'Toflj el d'?9i dB nadiv /love RbT:Xd lo noXi.y'iXqaa'X ailT
I
'I ©dX 'led'is bodoxx'X J cnoc' ©•low .sXBiii/{t>an 'to disrid xiadd
ii
*! Ii/li©>9oq boB b©8n bli/OiV figlXBKaftBOT
:! odi oc? bbB Mtro^' sXdT .bs'ilx/pei ©d blx/ov ceXoaxxra ^tOoe^Xqao'i
j
tin»' ©tioioq T'lov ©tb .orjto'la'T^rfcj ,?!anxjl ©dT n'^bod add dr^aXaw
Ii
'
•
'
ij dx;d
,
cX PfiiPfxyn lo ©anjjl ©rid xT<<rid ©XXaa'x'i ©'toiR <ddai©«-’ nX drfaXX
ij ©’^oct booXd ©dd ridXw ^rcoXoo nX b©,i driaX'id gnted fi/oe-BVi^iriaid
;
1' '.:•• (I
.
'
."iXa 6dt od i>&86qxe '
I
"
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j
,v©rjbB£H) ^dXoXdReX© elddXX ecd dircf si ^asjf. edT
'; xpXqmoi' B ridXw sdqst. 8j;oTcemi;n lo .^aaXanoo ©ireeid ©dT .'?»68X,j
network of interlacing blood capillaries and air capillaries
i
(Goodrich, 1930). The air-cells are hexagonal areas surrounding
,
the parabronchi, I'he air in the minute air- tubes passes close
1
|
jl to the blood.
.
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il _ I
!j
The respiratory epithelium of birds has been studied by
j
'
I
various investigators with the conclusion by many that the
|
j
!
capillaries of the finest air-passages are uncovered. This
belief is held by Rainey (1849) who states that since there is
j
no epithelial layer in the individual air-cells aeration takes ^
place without the necessity of either ciliated epithelium or
basement membrane, and simply by the action of the inspired air
i
Il upon the blood in the capillaries, with no other membrane inter-
li
venlng but the capillary wall. He also believes that the capll-
!
larles Interlace enough to hold them together so air is allowed
to pass freely between and all around them.
Concerning these findings, Ogawa (1920) makes the following
comments: ’’...from histological evidence it seems reasonable to
conclude that no respiratory epithelium is present in the res-
piratory spaces of birds." !
Many authors "are of the opinion that the respiratory
I
epithelium of birds, though not actually demonstrated, must be
present .
"
"If the respiratory spaces of birds were bare, it would be
the only case in higher animals in which either an external or
I
an Internal surface of the body has no coating of epithelium."
q>io e»^‘i.eXI-fqjHiO f^ooXa j^nloaX lo ^f'rowlsn
gnXjb'jTfi/Q'T'iL'e e/aTB XBfiogaxB/l ©'ll.; RlX*>o-'ttp . (056X .rfoX'Jboov)
1
©Boio -'iXb ectufitffl orf;J r».f. 'll© ,I:xlono'tcf«'i£iq oiX^
. "^ocXcf 0^
Y,ci bwibu^R nofiCT ©©rl Bb'ild Jo ttrrJlf.ori:fIqe
I ©rli 4 ftff.'J in©<fi xcf fiotat«X.onoo ©rtd e'Todc^X^^avril swXiiV
j
e-WT . ^©'/©voGnjj eiB aa3© 8 e©q--'iX© :ir.tyaIJ aifd lo b^X'ibXEI f^o
nl ©‘lerfrf ©OfiXc dpdct aeiactfe oriw (Q^l) '^©nfeH X<i J>Xerl b 1 leXXod
noi^©n©.t' bXXoc-'iI© laifhZvibriX ©riiJ nl 'la-'Cf'X X^^iierfdlqo on
'i? mtfJXorf^Xi© b©^r>ZXXo 'xeddX© lo Y^Xeeecen sdJ Juorf^Xw ©oniq
: lie b©'f2q©ni ©rfd lo noX.-to© erf^ vlqmlB bn© .onp'idntam dne;n&8FCf
/,
-T:s,1nX enaTcfniom 'rorfio on riSl\v , e 9l*xaIIxq©o ©rf:? ni boolcf ©dX rroqo
-IXqaO adcr dadrf BftvaXXerX op.I© oH , 'law ‘^rr©rXXq»o ©dcr di»d gnlriov
I
X)ewoXf© eX nX© oe norlXe^o^ rreriX blorl od xlgi-fon© ©OPl'iednX eoXtoX
t'
I'
,2£edX bm/oqjB Ilfi bn© nsevjded ^ilea'll asiiq oi
r^nXwoXIol eriX 8©?Xer: (OSex) fiwagO
,
Rsn tbnXl seerEX sntmsonoO
!i
• oX ©Xdano Baan bu^oor XX. eonobXv© X^-rX^oIoXeX.rf nronl.,.’^ reXnammoo
-se*3: ojrfX n£ Xxioaanq aZ mtr.ZXeriX.Zqo Y'^'^Xn'i.tqea’T on XariX ebeXonoo
".ebi-td lo 800 B-ra x^o:ia'rlq
’^•todfi'rX iRa'i ©ifX XsrfX noXnXqo eriX lo ©a©’* ©‘loriXi^B
' ©d X awirf .bfjXanXBnor eb ^X fax/XoB Xon rlj^-qorfX ^sb^Xd lo fni/XIaddXq©
"
. X.-.aBo'rq
3d bXuow XZ ,©T:ed ©ne.#' ©bTld lo seosqe irnoXn'tX.qaet »dX 1.1“
no XonneXxe na nsdXX.a riolrfw / X BlaniXnis noff^Xrf nX eeBO \;XnQ ©dX
"
.utiiXXo fix X r© lo ^nXXaoo on esri “^bod add. lo aoelnr/a refine’ Xnl as
"The fact that no analogous case has been found. In which
the epithelial coating of a free surface is lacking has led
Oppel and other authorities to conclude that the lung of the
bird must have respiratory epithelium in spite of the absence
of actual confirmation.**
Air-tubes
The trachea is generally a straight tube passing into the
thorax where it divides into two bronchi. Sometimes, however,
it is greatly elongated to varying degrees by turns or loops
j
similar to those found in crocodiles and turtles.
j
fhe trachea is composed throughout of rings which are
cartilaginous or may be wholly or partially ossified. The rings
are generally simple and alike, incomJ>lete, or complete except
at the bifurcation of the trachea where they are modified in
connection with the formation of the syrinx. (Beddard, 1898). i
i
Each bronchus enters the raid-ventral surface of the lung i
I
(Pig. 57) and immediately expands into a vestibule. It then !i
narrows and continues as a main trunk, the me sobronchus
,
along
j!
the ventral side of the lung and ends in the abdominal air- sac. |l
l!
Within the lung, the mesobronchus retains its cartilaginous
i|
character for some distance although rings are notpresent in |!
I
its walls (Muller, 1907), !
*1
In contrast to mammals where the bronchial tubes pass
directly to the central part of the lung before sending brancheij
Iiio.tilv* nJ. 1 f BBft oei'O Rjjoaol on iaxid Kjijn'i erfT'’
bftX R/jri gnJt>lc rJ’ pX ©' B'J.'a/p «ii©n*l b lo rjpi/eilctiaa ©liJ
'j
*' C
etiJ *50 snnX ©flct ehtffonoo oJt B9X:tX'iof'^nB ‘xsiffcto XeqqO '•
eonuadB erfJ lo edX jp ni mxxXlQffdXqe 'C’^oiB'rXqo^^n ovHtf dana frj td
.noXdflffircl^p.oo 1 .91/^045 lo *|
li
i! ROcfnd-nXA
!]
! ©d*! odrri
‘
jjn laosq ©df/d ixl^Xancts u ‘^/ f jen^no^ eX aaidoa'id odi
,'r«v6wofi . RomX.terr.o^ ..trfonoici owd odnX sabjvlft XX ©noxlw xa'xoriX
eqool to aniuJ ‘'d sQOt^.sb gnX^ti^v oX beXii^oIe cX XI
t
.aoIXttfX bna noLlbcyocio ol tmifol ©eotfX oX taCiinXa ''
j
©t*? doiriw Tic Xworii^i.i'OtflX bOBoqiaoo r? BOffoatX ©rfi
{'
_
-
|
eSnIt '»*c!'J' .fossil, teao ^XXaXXtaq to ‘^Xlorf.v ©d \ntii to sifc/ils jeiI lX‘i>iO
I;
i Xq60-^s dXaXutcoo to < oXoIi^inoon.t <©>il.p jbnn ©fqtrtls vf'^Btansjj ©ta
j'
nX boXlXboia otfi atedv* fe^rlo^tX odX noi. Xaotn'lXcf ©dX Xe
.
(BtftX ,ntBbboa) enX I.0 noiXA^mto^ oiiJ rfxi w noXXoonaoo
^
yrtnX k4X lo ©o.s'itxja X/itdnov-bln; ©rlX stoXn© ar/donoto' do:j5r
nodx d.C .olodiXaev b oXnX pbnaqxa ijXeXeXJbajtnnjX hna (Y5 •si'^)
' gnola
,
OR ©ffl ©dX fflaw b rb BsuniXnoo bns evio'itje/i
-oae-tla liinXmobdB ©rfX nX abn© bne annl ©dX lo ©bXp letXnev ©dx
BUonXj^iBlX^tBO eXi finiaXet endonotdoaoxn ©dX ,ajit;r ©riX nXdXX^
if
'
,nX Xn«EOtqXofl otB ssnXt ri£i;orfXXs eonaXeXb e«oe to^ toXoate/fo
r
.
,
••
jj
.(V06X ^t,eI^x)M) eXIbw rXI C
I
aocfifX XaXdoiiotcf silX ©terlw eXBfriffam od XBstdnoo rrl
eorfonatO g^X-b/ree etoUftd s^i;! ©dx lo Xtaq XjatXne© ©dX oX \;iXo©tXb j
to the periphery, in birds they pass toward the periphery first
and then send branches toward the center (Ross, 1898),
!|
The raesobronchus gives off secondary bronchi (Pig, 57). |!
As a rule (Goodrich, 1930), there are four large secondary vent-
|
ral bronchi, called entobronchi, which supply air to the lung;
eight secondary dorsal bronchi, called ectobronchi, which supply
air to the air-sacs; six laterobronchi and a number of dorso-
|
bronchi. The entobronchi and ectobronchi give off tertiary
bronchi called parabronchl that are so numerous that the orifices
leading to them give the entobronchi and ectobronchi a sieve-
j
like appearance (Muller, 1907). The parabronchl correspond to
the bronchioles of mammals. They bear a number of elongated
|
diverticula, radially arranged (Pig. 58), The angles at which
I
the parabronchl leave the secondary bronchi are always close to
I
:
a right angle. They are often arranged in one or two rows, or
1
:i
i
spirally (Muller, 1907) . They often anastomose with those of
jj
neighboring bronchi and of the recurrent bronchi, (Goodrich, 1930*1
!'
Some parabronchl send blind tubes into the Interior of the
lung which meet but do not communicate with those from the op-
!
posite side. At points where two or more parabronchl meet there'
i
are large openings which communicate with the air- sacs, bones,
etc. Pig. 81 (Miller, 1893). i
The recurrent bronchi are explained by Goodrich (1930) as
follows: Each of the air-sacs, except the cervical, has, as
a rule, "...a group of small secondary openings leading back
Ioni# btswoct ee'jq eb'ticf nJ: ,^*Tf3f^qi/iOq arfd o^
:i
,
(BQf'X .fjtsOH) lertneo ey.W b'rew^df eeffc'qu^id b/-foe nerfJJ bn**
.(Va •isX'K) JLriono*icf ^iBbnoof^B p.ev eifrfpfioidoeein ©£fJ
•^Jnev '{'Tfibnococ oji'VPl 'xi/ol e*iB ^zeciJ
,
(OC-6X ,/(oX‘it'OoD) eXx/i « rA
oct ilia fiolfiw
,
irioncrccToin© JboXiBC ,Xr<£if;p'Td Xc*?
xXqq/a* ffolrfw ,Xr(.ono'fdod{>© fcoXXao
,
irtofto*id Xfi^Tob ^iBbAooeo
“OBnofo lo necfini/n © Xdoroido'rednX xls ;BOBs-‘iiB cd 'tIp
Y‘:BX:^*£© d tlo evXji .Wono'Tdodno Xab IrfOAc’xd&jJne orf^' .Xdono'xd
B©£>JflX*io Bffit Bi/O're.’iiucr op ©'ll'. ri*f{c* trfoAo'TCffi'iBg hoIfBO .tdo/ioTCf
-©veiR p irJoAO'irocto© bnp. XrlorroidodA© sd^ ©vijj mpd;? od gnibBoX
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from the sac into recurrent bronchi which penetrate and branch
in the substance of the lung; and it is by means of these that
relatively pure air received directly from the primary bronchus
is returned to the lung from the sac, ensuring a thorough
ventilation of the parenchyma. ...The mechanics regulating the
flow of air from the sac back to the lung through the recurrent
openings and not through the ostia has not yet been satisfacto-
rily elucidated.”
Air-sacs
The air-sacs may be described as the blown-out extremities
|
I
! I
of cdrtain bronchial tubes. The number varies sll^tly as do
the names given them by different authors. The list taken from
Goodrich (1930) is as follows;
I
1. Cervical air- sacs. Paired. Extending along the neck.
2. Interclavicular air-sacs. Usually fused to form a
j
median sac ventral to the esophagus in the pectoral
region.
3. Anterior intermediate air-sacs. Paired.
4. Posterior intermediate air-sacs. Paired. The two
I
»
pairs of intermediate air-sacs are located below the
ribs and anterior to the post-hepatic septum.
5. Abdominal air-sacs. Paired. Pound in all birds except]
Apteryx. This is the only pair in the abdominal cavity
itcfTjb'tcJ br>i Ifloiio'td ;fn9'i'*ii0e*x oc^ni; ojbb mo'll
cJariw f B0±f lo rnrora R.t d’J- bn.g lo eoraitdrR ©ri;J nl
Ri/r{r>fio'KJ mo'll ^I^ooTJtJb beiVl^oerj e'tuq a
-Ijj uo'i>rf cJ B ^xiX'iWBJfJ© ,'^flp efi;t .to'xI ^rful '?dJ ocf beniLfcta*! Rt
0riit ^nl'J r.oX/sBrioem ©ifT. . . . fi.TTiffoXio't/jq erid lo nojtuBXXor’o»v
j/to'iTjj.o-.Ji ^cfiX /ijji/oT/lt >/0BCf Oiie ©xi;t ino^l 'iIa lo wdXI
oJOrtlAXiBp. nepcf ^on zJ'd bXc^eo aW;# ^oa- bnjr> cj^nlnoqo
aF S:fifii(^‘i;txs rfuo-rwoXd aftc? iua baoX'ioa'^b ©rf robb-'iXb ©if-i
o6 sc ^IdxtsXIs rdIiibv 'ledmtfA sriT .roo'uo Xnirforro'sci nlc^lfeo lo
mo'il ffoJtjF;;^ :JsXX ed* .eioxlctirs ctne'tollXb ^cf tr/^dJ nevl^ fj3{mr( e^^:^
iswollol a£ et (OCGX) rto tibooC*
-'oon odd ^;noIi? sjn-Lbnojjs;^ .baT^iaX ,nofM -'tic X^oiV'xsD . i
B m'loi od bdf®L»l .8 DB£.-'I.?a ‘1jrIi/o
X
val o'lodnl ' .C.'
rii'xodooq arid nl aJj^cdqOEO ©rid od Xjiidnov ojea xiA.ibsm
.no.'t^sn:
.boiiBl .^OBc-'iXr? 9< n’:b0is*i0^nl ‘loi'iodr.-* .
owd ori'.'' .robs-'i^s edalbenrrddnX 'loX'rodfo'I .i*
arid v?oX©cf bodBOoX ©ib robjh-tXb ©dBX.bem'S’adnl lo B'lXBq
.wdqee oXdpqo£f**dROq extd od 'ToX'XOdAfj bna edl'i
dcjaoxo ab'xXcf XXs nt bntro'^^ ^ba'rS-.jil .cobc-'iIb XcnlnobcfA
ildiVBO XAtffXmobcfB arid al i.f.&q xlno ©lid nl eiiiT .xic*xadqA
An additional pair, the axillary air-sacs, is given off
from the cervical air-sacs.
A few examples from Beddard (1898) will serve to show the
variation in air-sacs. In storks the praebronchial (cervical)
break up into at least five, and the two subbronchial (inter-
clavicular) completely fuse into one. In Chauna there is even
greater division of the praebronchlals • In Podargus there are
three instead of two pairs of intermediate air-sacs. In
Accipitres the abdominal air-sacs are peculiar in that one of
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I
the walls of the sacs is firmly attached to the ventral parietes'
li
and the walls of the two sacs enclose between them the intes-
[
I
tines which give the appearance of being enclosed in a special
j
compartment of the coelom. In one or two Accipitres there are
|j
three intermediate air-sacs.
The interclavicular air-sacs do not fuse in Vultures,
Ciconia, Ardea (Goodrich, 1930).
Apteryx, the New Zealand flightless bird, is the only bird
j
whose air-sacs are confined to the thoracic cavity (Pigs. 59 & i
i
60). Owen (1841) mentions but four air-sacs on each side, an "
anterior and three Inferior sacs. Huxley (1882) considers this
;
an error and names five; a praebronchial (cervicjal), a sub-
j
bronchial ( interclavlcular ) , an anterior-intermediate, a poster-^
ior Intermediate, and a posterior. The latter pair which is
1
called the abdominal by some authors (Beddard, 1898j Wledersheim^
1897) is small in apteryx and completely enclosed by the oblique!
I'io novl3 F.Jt 9rl:f
.
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septum so does not extend into the abdominal cavity among the
viscera (Wiedersheim, 1897)* The air-sacs are much reduced and
l\
do not send extensions into the bones (Walter, 1928)*
Air- sacs communicate with the lungs by five orifices on the
I
ventral surface of each lung* There is one orifice to each sac,
I
except the unpaired sac which has two, one from each lung
(Ross, 1898)*
I
I
Authorities vary on the question whether or not the air“sac^
I
communicate with each other* Headley (1893) states that if the *
^
trachea of a dead bird is tied, and air blown through a break in
i!
'the humerus all the air-sacs will expand as completely as thoughij
l|
lair were blown into the trachea* This would indicate that they '
do connect with one another*
'
Each air- sac consists of a main sac from which numerous
diverticula arise* The latter possess many secondary diverti-
cula (Muller, 1907)*
In addition to the regular air-sacs other spaces of a dif-
I
ferent nature occur, such as the tracheal labyrinths of ducks
|
and emus (Gadow, 1890) and the pneumatic cavities of the bones
of the head* The skull is aerated by a set of spaces which are
not connected with the breathing system, but with the Eustachian
tubes and the nasal chambers (Beddard, 1898).
^
The tracheal labyrinth in the emu is a peculiar structure
closely resembling the tracheal lung of the type found in the
snake Ophiophagus, except in the emu it is present on the
ventral side* There is a slit on the trachea where the rings
4
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do not meet In the mid-line. It leads into a thin-walled !
outgrowth of the lining of the trachea and is divided into two
by a septxim. However, there is no evidence of any connection
j
between this tracheal pouch and the lung, I
i
Structure of the air- sacs
The air-sacs are formed by a dilation of the mucous mem-
brane of certain bronchial tubes. They are thin-walled non-
vascular sacs that become pressed against each other and against
the ventral surface of the lung, and the oblique septum. They
are permanently distended with air to a greater or less extent
(Goodrich, 1930), Ross (1898) did experiments on chickens to
study air- sacs and found them to be transparent membranes
i
I
with more or less fibrous connective tissue basement. When
Inflated they are easily destroyed. The following points are
brought out by Ross in regard to the structure of the epitheliumw
(1) The epithelium is pavement in any portion of the air-sacs
j
not attached to the walls of the body, (2) The epithelium near
|
the bronchial tubes is columnar, and gradually changes to pave-
ment epithelium. (3) In a two or three day old chick the cells
are pentangular with round nuclei (Pig, 63), If examined while
fresh they appear granular with cilia in motion. (4) Where the
sacs are attached to the surrounding tissue the epithelium varies
II
greatly, showing pavement, cuboidal, and columnar cells, all in \
II
the same section (Pigs. 64, 65, 66), Cilia are present near the
"
^
II
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connection of the sacs with the lungs, and also over the entire
I
surface of the sacs* Fresh tissue from any part of the sacs
|
,
' I
exhibit rapidly moving cilia* No cilia were found in the axillaij
air-sacs (Fig. 62, Ax ), in the abdominal air-sacs around the
I
head of the femur (Fig 62, ABD), or in the cavities of the bones.
Functions of the air-sacs
Following is a list of the functions attributed to
air- sacs by the numerous investigators who have studied them.
1. Although they aid in respiration in many ways they
I
themselves do not have respiratory functions because their walls
are not vascular, but supplied only sparsely with blood
I
(Kingsley, 1912)*
j
2* Their most important work is to aid in Inspiration and
lexpiration.^ (Drolsier, 1866; Headley, 1893; Wiedershelm, 1897;
Kingsley, 1912; Walter, 1928; Goodrich, 1930), Headley (1893)
I
measured the cubic content of the lungs and air- sacs of a
pigeon and found the capacity of the air-sacs to be five times
greater (and probably more) than the capacity of the lungs*
This extra amount of air would be of use in breathing* When a
bird exhales, comparatively fresh air from the sacs is driven
into the lungs, so that exhaling as well as inhaling renews the
||
! supply of oxygen. In inhaling, the body cavity is expanded, a
j
i
^
vacuum created in the sacs, and air rushes into them,
I
Rainey (1849) estimated the size of the air-spaces between
the capillaries to be 1/9600 of an inch. Consequently, the
|
II
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oxygen in them is soon used, and the supply renewed by the con-
j
i
tinuous air supply that passes from one air-sac to another* I
Again, during movement of the body, the air- sacs alternate^
expand and contract causing air to pass continually through the
lung tissue* During flight, the interclavicular and anterior
intermediate sacs would be most influenced by the muscles of th4
wings; at rest or walking the posterior intermediate and the I
I
abdominal sacs v/ould be most active (Goodrich, 1930(* Thus,
during flight the thoracic framework remains rigid as an attach-
ment for muscles and at the same time air passes over the respi-
ratory surface of the lungs to and from the air- sacs*
3* The body temperature varies from lOO^P. to 112®P. It
is regulated mainly by the lungs and their extensions* Increas
the rate of breathing is the chief means of keeping the tempe-
rature down* The expired air is about the same temperature as
the body and the greater the sonount of air breathed in and out
in a given time, the more the body will be cooled (Headley,
1893).
The air-sacs are filled with warm moist air which helps to
maintain the body temperature* In the absence of sweat glands,
the skin of the bird is of little service in regulating body
temperature* Since the air-sacs are located toward the outer
surface of the body, they aid in heat regulation ( Wiedershelm, ||
1897; Walter, 1928; Goodrich, 1930; Adams, 1933)*
~roo erid“ ijXg rue ariX tmjz ^baex/ nooe el raorivt nl n93vxo
oi oGe-tlA ono eeaefltq iArfd' rlqque 'TJt}^ nifo/fnt3
ao/Ui-Tif etl-1 ,T:f)ocf ^^^;^ lo rfn3n3s>voiT! sni*iub ,nIftgA
orict il^uoarfd irlXfturJtc^nOf/ aB--^q orf 'rXa Sftiauao bn« brtaqra
'loXncecitifl tas 'iaXi/olvAXo'iecfnl offrf gnlTCua .eueali
©rfJ’ lo aaXoeUffr i.-rlct ^cf boon^-uXlfrl tfsora ed b£uow a:»BR ©:falb9Crt»^nX
©ritt 'lo.t-iedeoq ©rfi snX.'ilaw rto :Js9'i jagnlv/
,»iuriT .)05^^f ,r£oX»tbooO) ev2:^OJs ^eom ©d nXuov? eoab Xanimobda
-rfoa^.le ftii ea snlamslt iC'iowejCA'rl olos-iorid ©riX cfrislXl snl'iab
“Xqeo'i odd •i(?vo e©*.eaq 'Tt« eaxl^'t aaisB ©ri^ eJa bna adXnauni 'lol dn©m
- ao ^i.B-’xXa ©dd njoil bna of a^rti/X ©rfd lo ©Oiil*HJe Tjioda'x
dl .^°SXX o\1 .'55‘^OOX rtrotl eoliav \:l>od s»fiT
r
^niaae'xonl . ;inoXene^x«' f>na egrixfl ©rid ?XnXam bs»jalua©'i ai
-eqtcad ©d;i' snlqooTl lo enaeirj lolrio t>dd el anlrfcJasid lo ode's odd
ae o'luda'reqm^d ©rnas odd duoda al ’lie bet.tqpco ?-rfT .sswob oTLirdo*!
duo bna ni beddaeid iXa lo dnxfojma odd xodaong ©xld brra odd
,^oIb£©H) b^Iooo ed XXiw \bod o/ld e'loni odd .omXd rtevly a nl
.^^QSS
od sqlod dolrfw 'ila daiofti rr*isw ddlw boXXll o'la aoae-'tXa ©cfT
^abaaXs daowa lo eoneada nX ,o‘ird8'i©q®yd ^j;bod add nladnlam
Ybod gnldjaiuS'^'T^ oolv'ioa ©IddlX lo «! Mid edd lo ntue odd
TsdiLfo odd b'v'flwod bodsool o'xa aor<s-*ilc odd ooniS .o'xuda'toqmod
^tnledsTobelTf ) noldai.f^gOT daod nl hla Tjodd ^'^od odd lo ooaiix/e
I .(6Sei ,zsnBhA ;6SQX\ fioI.*ibooCi ;8SQ£ ,n©dXB^ ;V98I
4, The arrangement of the air-sacs is such that a proper
|
center of gravity is established for balanced flight, thus
|
easily maintaining the equilibrium of the body (Kingsley, 1912;
Walter, 1928).
Air-sacs, when inflated lessen the specific gravity
i
materially. Without them it would require more muscular effort
to sustain the body in air for considerable periods of time.
Possibly their distended condition mechanically aids in maintaint
Ing the wings in an extended position during soaring or gliding
to earth.
Long ago it was thought that air- sacs serve as aerostatic
|
organs but Campana (Goodrich, 1930) proved that their lifting
power is negligible. They may lower the specific gravity of a
bird ^3 body by 4^ at the most.
In floating and diving birds, however, the air-cavities act
as hydrostatic organs
ii
I
5, The air- sacs enlarge the anterior part of the thoracic :
II
Ii
'cavity, especially the part surrounded by the pectoral arch,
A larger development of the skeleton can take place, giving an
i
Increase of surface for muscular attachment without much
increase in weight (Wiedersheim, 1897),
I
6, The extensions of the air-sacs between the muscles
lessen friction (Wiedersheim, 1897; Walter, 1928),
7, In singing birds they serve as reservoirs for air
(Goodrich, 1930). During flight they also serve as reservoirs
(Walter, 1928).
|
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Extensions of air-sacs
In many cases, extensions from the air-sacs find their way
into the bones as the marroY/ is absorbed (Headley, 1893), The
pelvis, humerus, coracoid, sternum, and ribs are most frequently
pneumatic, and the femur, furcula, and scapula less frequently
(Kingsley, 1912). Extensions are found among the skin (Weysse,
1911), and muscles, especially in good fliers and aquatic birds
(Goodrich, 1930). They supplant the connective and fatty tissue
beneath the skin in pelicans (Walter, 1928), They may extend
even into the feathers (Headley, 1895).
The fact that bones of birds often contain air Instead of
marrow is said (Goodrich, 1930) to have been first mentioned by
Emperor Frederick II in a treatise on the chase in the thirteen^
century. Various functions are attributed to pneiimaticity of
bones, but this condition is not directly connected with
respiration.
1
Diaphragms
Birds possess numerous septa, two of which, at least, are
commonly termed diaphragms, although in structure they are very
different from the diaphragms ofmammals.
The ventral surface of each lung la closely covered by a
thin fibrous membrane, the pulmonary diaphragm or pulmonary
aponeurosis. It separates the air-sacs from the lungs. It has
Inserted into it a number of bands of muscle, which arise in
11
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the vertebral ribs and are supplied by the intercostal nerves.
Being connected to the pleura, the pulmonary diaphragm assists
in expansion of the lungs during inspiration by the aid of these
pulmonary muscles.
When the body cavity is opened from the ventral side, the
viscera of the thorax and abdomen are seen to occupy the medial
plane# A tightly stretched sheet of fibrous tissue on each
side, the oblique septum, holds them in place and separates them
from the air-sacs# The oblique septum has nothing to do with
respiration (Muller, 1907)* The walls of these diaphragms
closely resemble the air-sacs but are of heavier texture and
less transparent (Ross, 1898)#
Mechanics of respiration
The open communication between the cavities of the lungs
and air- sacs makes diaphragmatic breathing as It occurs in
j
j
mammals Impossible (Muller, 1907).
I
Birds have a sternum and sternal ribs and vertebrae and
!
I
vertebral ribs completing the circuit of the chest (Sibson, i
1846). The lungs are attached to the ribs and vertebrae so any
jj
motion of those parts necessitates a change in shape and size of
I
lungs (Kingsley, 1912). '
”The muscular mechanism by which a resting bird causes air
to enter the lungs, involves elevation and depression of the
breastbone through the activity of the Intercostal muscles. It '
is necessary, however, for the breastbone to remain firm during
j
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flight to Insure anchorage of the powerful flying muscles, while
the intercostal respiratory muscles are held in tension and are
'
I
for the time being, not pumping fresh air into the lungs, There-f
I
j Ijfore, an internal reservoir of air is indispensible, while the '
flying muscles which ventilate the lungs by acting upon the air-
sacs as bellows, also control respiratory movements during
flight. The more rapid the flight, the greater the automatic
Ij
|‘ supply of air drawn throu^ the lungs to and from the air-sacs,
ii
ijViolent action in mammals interferes with respiration but in
birds it increases it. That is why fast-flying birds do not
’get out of breath’ or probably suffer from mountain sickness in
the air of high altitudes, because the necessarily Increased
strokes bring in a compensatory supply of rarifled air,"
(Walter, 1928).
Headley, (1893) has investigated the mechanics of resplratij:>n
in birds which lead him to the following conclusions,
1, That the muscle movements necessary to flight bring
about, to a great extent, the enlargement and contraction of
the thoracic cavity.
2. ’’The latissiraus dorsl which arises from the vertebrae
and after passing over the scapula, is Inserted in the humerus
raises the backbone during the downstroke of the wing, bringing
the bird’s body into the position which is required for hori-
zontal flight. Not only is the backbone raised and brought to,
or nearly to, the horizontal but at the same time the ribs are
straightened at the Junction of their costal and sternal por-
e.C 3ni\iri A. 'i'rvvvoq aC ty'rifeitl o:^
cyrp hr/) r.oX.F./to;t ni ^fscf t-'Xn r^^Sosutr vi-'fliLTCfti
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iXjUfiBoa ei? novo jjtiXeewq neXle f-nB
-^rfd lo Oy.ionXBiTWoX) i^ni'is^b enorf.^oed erf? aesj-Bn
-.Xnorf toJ. /jenix'po't eX rfolrfv? noi?l;soq erf?* o?nX ^feoc a'h'tld eiU
.r? drf^i/o'irf X'njB JbeeXan enrrfjloBrf erf? aX ^Xna XoR leXnos
O'iB ©cTXn erf? vofX? oMqg ‘Jrf? ?ft rfxfrf XBinosX.norf erf? '^X'^/ien no
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tlons, and this causes an expansion of the air-sacs.”
3. The muscles which pass downwards to the rihs from the
posterior ends of the scapulae help to expand the air-sacs.
They also broaden the dorsal part of the thorax. The action of
these muscles is assisted by the action of the scapulae.
4. Due to the great strength of the pectoral muscles, the *
contraction of the latlssimus dorsi causes movement of the body
but not of the wings. All possible work is put on the pectoral
I
muscles so that the center of gravity may be low down.
5. Although the flight muscles help largely in respiration,
|
much work is done by the respiratory muscles.
a. The levatores costarum arise from the vertebrae, pass
backward and are attached to the ribs further back. They broaden
the thorax by helping to straighten the ribs.
b. The triangularis sterni which arises from the in-
side of the sternum from its anterior lateral end and attaches
to the sternal ribs, also broadens the thoracic cavity.
c. The external intercostals pass obliquely back'. ard
and downward between two ribs. When they contract they lower th >
anterior rib and raise the posterior (Pig. 67). They do not,
as in man, raise the sternum because it is rendered almost im-
movable by the weight of the pectoral muscles, the weight of the
body hanging upon the wings during flight, and the pressure of
the wings Inward upon the coracoid bones and the clavicals.
d. The action of the internal Intercostals is so weak
that they cannot be of Importance in respiration.
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T K A CH E
Pig, 55,—Lungs and trachea of Gallus domesticus, common
chick, (Prom Adams,)
i
Pig, 56,—Right lung of goose, ventral view. A, bronchus;
B, extremities of bronchial tubes; C, orifices of air-cells of
lungs, (Prom Owen,)

II
:?ig* 57.—Diagrams of (A) dorsal and (B) ventral view of lung
of hen.
A, point of connection of mesobronchus with abdominal air- sac.
AI, region of recurrent bronchi from anterior intermediate sac
AI
,
connection of anterior Intermediate sac with bronchus.
BR, bronchus.
O, attachment of cervical sac.
D, roots of dorsibronchi.
EC, ectobronchi,
EN
,
entobronchi
.
L, laterobronchi.
LM, M, connection of lateral and mesial moieties of inter-
clavicular sac.
P, connection of posterior intermediate sac.
R, retrobronchi from air-sacs.
MB, mesobronchus.
(Prom Kingsley.
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Pig. 59.—^Ventral view of
lungs of Apteryx australis.
A, anterior or short pulmonic
bronchial tube; B, posterior
or long pulmonic bronchial
tube; C, bronchial tube of
the air-sacs. (Prom Owen.)
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Pig, 61. Ventral view of lungs and air- sacs of 12-day
chick embryo.
AN, anterior intermediate sac
A, abdominal sac
C, cervical sac
L, lateral moiety of interclavicular sac
LU, lung
M, mesial moiety of Interclavicular sac
OE, oesophagus
P, posteriorsac
T, trachea
(Prom Kingsley.)
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Explanation for Pig. 62
I
A, orifice from lungs to abdominal sacs.
: B, orifice from lungs to posterior intermediate sacs.
(
C, orifice from lungs to thoracic sacs.
!
D, orifice from lungs to cervical sacs.
E, orifice from lungs to anterior intermediate sacs.
j
ABD, abdominal sac.
i ANT I- anterior intermediate sac.
!
'
I
T, thoracic sac.
AX, axillary prolongation of thoracic sac.
i
I
H, prolongation of axillary sac to the cavity of the humerus.
I
CER, cervical sac.
^ POST. I, posterior intermediate sac.
!
|j
L, lungs.
I,
TR, trachea.
I|
li
M, mesobronchium.
F, ectobronchia.
|;
G, entobronchia.
j
PUR,fin*cula.
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Pig. 63*—Surface view of pavement epithelium of the air-
sacs, showing cilia and round nuclei in pentangular granular
Icells. (Prom Ross.)
sac, showing ciliated coliomnar epithelium (COL), with basement
membrane of fibrous connective tissue (BM). The muscle is not
drawn in this figure. (Prom Ross.)

|j
Pig. 65.—Same section as Pig. 64. Muscle not drawn,
!ciliated cuboidal epithelium (CUB), with basement membrane (BM).
ijProm Ross.)
Pig. 66.—Same section as Pig. 64. M, transection of striated
muscle; BM, basement membrane; P, pavement epithelium. (Prom Ross)

I' pig. 67, —Diagram to illustrate the working of the
intercostal muscles in birds. The contraction of the
i
will lower the anterior and raise the posterior rib.
rib; El, external Intercostal muscle; S, sternal rib;
;
num; V, vertebral column. (Prom Headley.)
I
I
1
!
external
muscle
G, costal
ST, ster-
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orfa lo nol.1ccT[u noo ©riT ’ nX IpaGoo^&or.
.dl*i 'iO-''i©;t)3oq orict onlB^ bn-- noins.-tni^ odcJ 'lewoJ
•di'i J£n‘i6cf!2 -B ;©XoB0m IflCt'-oo'xocJnt iBrjut^xe ,1' roj-i
’
( .v©It)£eH mo-i'-?) .ninnloo I ^'idedinv ,V ;ri£/n
In shape, the mammalian lungs conform to the shape of the
thoracic cavity and the organs in it. The outer surface of each
lung which is in contact with the sides of the thoracic wall
j
fcW,
I is convex. The base is concave because it rests on^convex upper
ii
surface of the diaphragm. The medium surface is concave where
1
'
I,
the lung fits around the heart,
i
II
The lungs are confined to the thoracic cavity which is
I!
i[ completely separated from the peritoneal cavity by the diaphragm
'
1
t i
,
which is transverse in position except in whales where it is
I'oblique (Kingsley, 1912), Mammals are the only animals that
!!
jhave a true diaphragm,
j
I
A pleural membrane derived from the peritoneum encloses the
I
Co I
I
lungs. It Is^double membrane forming a closed sac (Pigs, 63
|
|& 69), The inner layer, called the visceral pleura, covers the
|
‘lungs. The outer layer, called the parietal pleura, lines the
.thoracic or pleural wall. The space between the two layers is
i called the pleural space, and is filled with a serous fluid
i
ithat prevents friction. Toward the mid-line the pleurae form
a septum between the right and left halves of the thoracic cavity,!
'1
This septum is called the mediastinum.
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Olid eiovoo Xa'xeosiv on'c' bolXpo ^no'yfBX rrf'nni eriT .(So :&
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ai^ioH ©B'xneXq ©dct 3niX~£>’fli odd 5ibv/oT ^/xoldol^H ednoverq dedd
»'^dtvBO oloB’wdd ojld HoasnXad dHof. bop odd noewded ;nifdqoe it'
,:jtfSTtd
1
boc:: ^dd JboXXco bE looXq&a BlrfT
Pig. 68.—Diagram of transverse section of the thorax of the
wood rabbit, Lepus cuniculus, drawn in the region of the
ventricles to show the relation of pleurae, mediastinum, etc.
Ventral view. The lungs are contracted. (Prom Parker & Haswell.)!
T(^
pp
VP
l_
2>i
Pig. 69.- Human lungs in thoracic cavity. A, air expired by
raised diaphragm and contracted ribs; B, air inspired by
lowered diaphragm and relaxed ribs; BW, body wall; DI, diaphragm;
L, lung; M, mediastinum; PP, parietal pleura; VP, visceral
pleura. (Prom Falter.)
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Development
I
I
I
I
In development, a single sac appears on the ventral side
I
of the pharynx (Pig, 70). This divides into two sacs, each
representing a future lung. As development continues, a tube
;; called a primary bronchus connects each lung to the trachea
II
which usually has the anterior end modified into a larynx or
voice box. This in turn connects with the pharynx by way of an
opening called the glottis.
I
I
Division into lobes
j
j
Usually the lungs are divided into lobes. When asymmetry
occurs, and it usually does, there are more lobes on the right
I
I
than on the left side.
l!
|‘ The following groups (Walter, 1928) show no division into
lobes: Cetacea, Sirenia, Proboscldea, Hyracoldea, and most
j
P erissodactyl Ungulata. Monotremata are transitional because
j
I
lobes are present in only the right lung.
Conflicting statements appear as to the number of lobes in
I
the lung of a specific animal. This is logically explained by
i
Young and Robinson (1888) who say, "It is probable that the
I
number of lobes is liable to variation or that there is a dif-
!j ference of opinion as to exactly what constitutes a lobe.”
nemqoXeveCI
oMr no B'lfldqqa a ,;tnotiqoI*^-vei^ nl
ftoae ,oo»« c'obXvfh RiriT ,(0V .gl'?) xiT^'ijBfffr &rt3 *ic
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•to xr;^i«X ii c:tni bellljbom bne 'ioX«ic«Jnf' «d;t eeri xllf-VEU dotdw
im lo XBw »cfd fl,tXw p^oi^nrfoo mi/J ni bX/IT ,xod ©oXov
.I’X^JoXa arid beJiAO :^nlr.&qc
Rodol o^nX nciplvid
nod^ ,E»doX o^nt bebivfb ©'la esnx/X y^IIi-.ueU
qrfgX'i erfct no secfoX ©tow ©ts ©Teric) ^B©of> ^XlaaEn XJ Jbrtr ^cTnooo
.
.
. -fibie d^rX ©rfcf no narfct
octnX nofeXvt/3 on wonc vB29X ,T©jXs^) p.qnoTa gniwoIXol rfT
ctBora bnr; ^ fi©5XosOfiTu;H ^Aobtococfoi^ ,©Xn©TX2 tPeoarfeO tcBCJoX
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3/71/1 ©rfj i^Ino nl .Inep.fxq ©t© aerfoX
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jl Examples and Illustrations of lobulation
t'
Ij
i
i
In the Kangaroo (Parsons, 1896) the right lung is much
'
|; larger than the left and has a well marked az;jgoas lobe. The
1| I
|1 right lung has two notches on the ventral border and the left >
\
,
I
)
1 has one,
li
The cat (Reighard & Jennings, 1950) has four lobes in the
right lung and three in the left lung (Pig, 71), In the cat,
the lobes are not divided into lobules (’^ater, 1860),
In the spotted hyena. Hyaena crocuta, (also called Hyaena
|
I
maculata) Watson & Young (1897) found six lobes in the right
lung and three in the left lung (Pig, 72), In the right lung, ,,
the sixth is the azygous lobe. Hyaena crocuta differs from botlj;
t
:
the other species of hyena, where the right lung possesses fourj;
i
i
I
lobes and the left three, Watson (1881) in the examination of
:
j
I
i
another specimen of Hyaena crocuta found five lobes on the rlghji
and three on the left,
j
More variation is noted in the striped hyena. Hyaena striatfa
j
The specimen examined by Young & Robinson (1888) shov/ed three *
I
i
lobes on the right and one on the left. These authors quote m
li r
Ij
Meckel as finding four lobes on the right and three on the left,
and Daubenton four on the ri^t and two on the left,
II
In Proteles (Plower, 1869) the lungs are deeply divided
j j
I into distinct lobes, four on the right, three on the left. On
'
'I
!' the right, the fourth lobe is the azygous lobe,
'i
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nr^iifilsstloi \o Xi bnm E&IqmMXS
doum wi sn£rl »rW (69BX ,enOf?*x*^) "I
edT ,0dol (st^oJ3za/a ^arf'xelB XX®«r bfijf narfJ n63*ZBl
^Bl oifJ i>nA 'tob*iod XjitJbxBv BdJ no sBitodoa ow^ batI gnnX ^iiaX*x
.oxto Barf
n/
arid nX eatfol n«5l siul (Or,ex A ^'laxijjXaH} Sao eifT
0d;t nZ .(XT .gX^) 3flixX ^aX ed^ nX aaitia f>«a graiX ddgl*!
• (06dX (<tedaW) aaltidoX o^nX babXvXX) tfon e*Ta sedof axf)
BitaaxH 6©XXao oaXa) ^atfxfoo'to BriaaYH ^ana^d b^S^oqa adit nl
XdgX? Qii^ at eadoX xXe bnirot (VWdX) gfxiio^ A aoe^aV (B^taXiraan
^xlaXTC edi al .(ST .ax's) gcurX ^loX erfct nl oa*xrit Xina giu/X
l^tdod XMO'xl e*xdltXb ati/oono babaxH .adoX e0Ogta>t odX ei ddxie add
|Uyo'X eaBBaaaoq gaaX difytn add 6«xadw ^ana^d lo BoXoaqa *X9C{iQ axtd
j;
i lo RQtSBtttmaxe adi ni (X66X) tsonSuT ,aa*u£d XlaX add Jbem sadoX
frigli add no aedoX avXl hxxi/ol aJufoozo 2neB\H lo n»'*KXo«qo 'xedaom*
,;fl9X oril no aaidd bna
' t*
• fl^aX*rda lutaa^H ,jana^ baq±«xXs add nX badon bX noXdaXnfiV o*!j,oM
aancdd bawode (888X) noaoXdoH A gnxioY ^cf benXraaxe aajoXoeqa adT
V
1
t adoi»p BionUaa aaariT ,dlaX add no eao baa driglTE add no BOdoX
,dlaX add no aaidd bna driaX*! add no eerfoX inoT: jinXbnXl sa XaifooM
1 JR
’
'.XlaX add no owd bna ddgX^ add no inol nodnednaXI bera
X
I'
babtrlb lXq»«^ eia sjtnvX edi (.9961 ,^e*oXM) s.Xv^cnl nl
ll
I
il
:{
5 no .dlaX odd no aartdd ,di%X'x add no 'inol isadoX docXdBXb odnX
.adoX affogyc^B add aX adoX rfdnnol add ,dd8Xn add
IIn the ferret-badger, Hellctis personate, (Beddard, 1905) '|
the lungs consist of four lobes on the right, and two on the lefii.
The white rat (Adams, 1933) shows four lobes on the right l|
i
and one on the left (Pig. 73)* Martin & Moele (1884) give for ji
> |!
I
the common brown rat, three on the right and two on the left,
||
I
James Murie (1874) describes the lungs of the sea lion
|
ii (hair seal), Otario jubata. When inflated they are usually long
i!
! in shape* The right lung has four lobes, the fourth being the
j
azygous lobe* The left has three main lobes*
He also describes the lungs of the walrus, Trichechus
rosmarus, Linn (Pig, 74)* They, too, are very elongate, with
1 notched anterior margins*
In man (Walter, 1928) there are three lobes in the right
lung and two in the left (Pig* 75)* The uppermost odd lobe on
!
the right lies behind the right pulmonary artery while the
absence of a corresponding lobe on the left side allows room for
the large aortic arch.
The bronchial tree
The bronchial tree in the majority of mammals is asymmetri-
'i cal* Huntington (1920) says . pulmonary asymmetry is
^
encountered in at least 95^ of the mammalian genera and species
! whose bronchial trees are recorded,”
The bronchi are called eparterlal if they lie above
the pulmonary artery and hyparterlal if they lie below it (Pig.
7
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The pulmonary artery crosses the main bronchus formed by the
bifurcation of the trachea, and this point divides the lateral
bronchi into eparterlal and hyparterial*
The hyparterial bronchi are always well developed and
consist of a double row of lateral bronchi* The eparterlal,
though, may consist of a single external lateral bronchus on
||
either side* Usually the left one disappears, leaving only the
right, which also may disappear* Usually, the eparterlal bronchus
occurs on the right side* The known exceptions (Goodrich, 1930) '
are the genera in which it occurs on both sides (Bradypus,Phoca,
Equus, Auchenla, Elephas, Phocaena, Delphlnus, Cebus) and Hystrip
and Taxidea in which it does not occur at all* The latter
possess lungs of very abnormal structure*
The eparterlal, whether developed on one or both sides,
may arise from the trachea instead of from the main bronchus
(Wiedersheim, 1897)* In the Artlodactyle Ungulates and the
Cetacea, it may arise from the trachea. In Auchenla and
Delphinus, its origin is bronchial on the left and tracheal on
the right (Goodrich, 1930),
The blood vessels show the relationship between the lobes
of the lungs* Since the anterior lobe of the right lung belong^
to the eparterlal bronchus, it is the right middle lobe that
corresponds to the anterior lobe on the left side^in man.
'
!•
orfvl ':rj berTno*' fiJUrfonoicf ntwnf <9ri:t c^eBoao
XA»'i»JF.r ^rf;t Rwbtvi!) cfnXoq ztd^ bna
, coifoBT^ ©rict 'io not^^b'iu'il'i
. bfrc I Pi'xe:t*rBq© ocJni tdr>no':(!-
btii\ b©qoXove;b XIo«f byb«.Xb ©Ta lifonoid XaX'io^iaqxjrf
t r BiiedTaqo 'jjrtT .Ixionortcf Xa'ierfnX lo wot oXtfnob f? Ito oete.fxoo
no ©if/ioxKotcf Intf'JaX Xii/ntnlr© e/gnlB a lo ctsiRnoo ^Ciim
Oji:f y^Xxfo gnXvp.©/ ^BtaeqqapXb ©no il?X ©rfX Y^XaneU
,
.©r-Xe torfcJXo
ttx/rionotd X«.tto^'rAqe» orfcf ^^^XXai/cU .lasaqBelJb obIh rioJtxtw
{0''.6f ,rroXtbooO) afroXXqeoT© mrorr^i odT *ebl6 no eijjooo
, aoon’?^ B©bXa 1»toc'’ no etnooc ^X rtoXifw nX atanej^ *>£1;^ o*ib
bfta (ci/cfoC:
,
ai/nXriqXoG ^aneaoorfl tBAjrfqeXSf <aXnerfot/A ^ottnoa
te^JJ'aX ©riT .IX a Xe ti/ooo vlTfi: at^oL iJL tioltiw nX atblxe'T bns
.^vmXcmXe, Xamtoncla ^tov lo a^fifX aefKaoq
*\oebX« iiJo<f *10 ©.no no f)©qoIbV©X> led^ociA ^IpXtsJtaqtJ .^ilT
'f
:j
Borfonotcf rcXatir GdJ tTronl. -lo baeXcnX /jerloatj rri^ notl ©aXta
j
arfX bna vaJalir^nU 0XY^oaX>oXX‘xA sx^j nl .{VG8X .laXerfenoboXW)
|j
hna aXir?xfowA,nI . aarJoatd- aflcJ iKOtl esXta ^aeoB.'toO
I
’
,
no Xsorfoat^ bna ctlsX sriX no X^trfononcf el ntsXto BrfX ^ern.triqXea
.'Of.f^X ^ffo^nbooO) ©rfcJ
R^ cfoX odo nsswXocf qXr:«noXX’«Xot ojrf;X woxle sX^Beev booXtf eri'!
^SnoXod ^auX irl'jXt erid lo odoX toXtoXna odd aonXa odd lo
:tarid ©doX ©XbbXm dd^^Xt ©dd rX XX ^endonoTCf faXtadtaqa edrt oct
I
*
n .nan nX^&bXc :lloX edX no scSoT. toXtadna odd od GbnoqRomroo
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Types of branching in the bronchial tree
The two most common types of branching are the monopodial,
in which lateral branches are given off from a main axis that
extends through the structure, and dichotomous, in which the
main axis divides repeatedly into two branches. A few state-
ments from Miller (1913) show the variations in conclusions
about the type of branching. Prom the study of the cat, he
concluded that the main series of branches were monopodial.
He lists other opinions on the cat and other animals as follows:
Aeby (on the cat) monopodial; Ewart, and Huntington (on the cat)
dichotomous but uneven dichotomy; Muller (on the whale)
monopodial; His (on man) a mixed type, the first divisions
being monopodial but producing new bronchi by dichotomous
division.
Epithelium in the alveolar wall
Although the presence of epithelium in the alveolar wall waj^
once a much debated subject, most authorities now agree it is
present.
Shea (1936) gives evidence in favor of the existence of
epithelium as ajresult of his studies of the alveolar wall of
the rat, guinea pig, and rabbit. He claims ^positive evidence
in favor of the view that
(1) flattened epithelial cells... exist in considerable
numbers in the lung;
y.
e©‘i^ Zrltioao'id ed? nl ^rrMor.H'id 'lo eoT^
^
C ail*oqcfjoxe e*d^ fe>^Ji ^r'idonA'-if:* 'r.o ceo^^ nomoioo ^tom ow^ »xiT
ieii.f 8/,x.> rrliMii a joffo*r't Tto nevfv. sth <;<:idon rTLcf Xe‘i9^HX rioidw nX
©rii doidw fiX , p.iJO(viD:Jodn“l/> bfiB ^ -^'fXfcfoxnJ f: ddct £l3jJO'id;^ cbno;*x©
; ^ftfjdoapicf o;?i o^^:^ \;X^>®2fitoq©T e »nXviJC> bXx^* fiX«in
ttrfoXei/Xofioo nl RroI'i«X^pv ©dsf woih. (&XSX) i<>fXlK rao'tl
erf edct 'lo ^bii-'‘-3 orict oso-: . lo ariq iucdjp
• Ux>qcn<'W o'jov/ r.sn'o/iB'ici lo »©X7«e ni ett ©ri^t ^jtsrfd Lehr'/onco
zBwolXo^ a« 'te^'i^c tan odi no &nolr.Xqo led.-to r^p. H ©H
(^fo &ris1 no) ; Ij'lijoqoncrsr (iteo ©rf^ no) ^d©A
((rlfidv^ erf:} xio) aeXXidf r novefttf :tJJd euoaoSorloib
•^nolnlv ib eri^l fo^xlm a (nain no) ptH ^XaXboqonoic
cooBTOxtoxfoI'b iflojfio'id w^n ^M/fXorjbonq xti/cf Xalboqonom jinXecf
.rraXelvXb
XIav%- T/,XoevXxi ©riJ nX iur/XIedcUqS
s«v Xlew ‘laXO'SvIf: erl:? nl nn/XIerld^ tq© "JO eonsi’.eTiq srf;} xlst/on'ctXA
i>l dl e9*i?3R won i*©XjrXT:orfdxia d’p-oiff t^of^ldun b©;}ade.b dootn a ©ono
* dn©B©*xq
'io sonowBlxs odd ao lovel n.t eon&blve a©vXs (Or.GX; audS
*
5.0 Xlaw nj^iloe-vla oiW Ic aoXbode shi lo IXnae'i^e bb mtrXXciXctXqe
I
©onobXv? ©v.td.tf:oCT” ecnutfiJo ©H .d itfda*!' bnp aer lJig < ^ai odd
dwdd weXv ©rid lo ‘loval nl
olcfx'L^blanoo aJt ttatxt ...p.XXeo XaXXericfiq© beneddaXl (X)
•affixX ©rid nl Bi&diy.ufi
(2)
these flattened cells possess very thin membranous
peripheral parts which extend widely from the relatively
thickened nuclear portion and cover the neighboring
capillaries
;
(3) that it is these cells with their thin expansions that
collectively constitute the ’alveolar membrane’ which is
therefore a cellular membrane,..;
(4) that these cells show the probability of a continuous
epithelial lining of the lung alveolus;
(5) that as Snow-Miller has already pointed out, these
cells can and do separate off from the epithelial sheet
and form the rounded epithelial cells described by many
workers."
The presence of eplthelivim in man is stated by Waters
(1860); Dwight (1919); Goodrich (1930); Miller (1937).
nlLiS \VLf^v »56Heoq kIXp>o hse/i^ (S)
prf.t mo't'i hiw^txe doXrfw tsct'feq Xe'feriql'fdc
,'^fii‘iocfft'uiXan ^ri:t 'loyoo bn« aoldr:oq 'ua^Zoua beM^oZrtd
^
liio I'uiLZ *qno
F'noicnA'jr.a nlrixl dJ.lw *)8©d:t e» :fX :feeid (C)
al i^ctriv, ’ "nj8'?cfffloin 'mlof'vX ^’ edit ’jievl.:JooJ[Ioo
; . , - f/T/ncrrrEvt'U njBrjJlXft»a e. o::n1&'COfi:f
• >.MounJ: Jivoy o lo ^XlXXdriC'o'iq wocfK RiXao aesriX X^'.rfX (^)
;8*fXr»'-vXB Tjnrcl etU lo jjnln.vX XAllerUfero
©8'ji{X <Xjjc beXiilDq f»«ri ’ref XXr<~wofj2 8fi X«riX (^)
X^aric £p.XX=>ffXXq<? ©fix r'X^'xl ‘t'lo of> X>nj8 it/iO p.XXso
Tinym i^d b'^xSt^we >£> nlteo lAXXerTXXqo Jbabnuo'i 'f/iX arioT Jbn*
’*
. RTeiWow
prtoor.?; beX/jXR 3l ftpm nl rawXXeflXXqe lo ©ondco’xq oxiT
. •xoxixrx :(OS9I) doXibooO i(cxec) XiiglwC ;(068I)
Pig, 70.—Showing mode of development of mammalian lungs.
PD, primitive alimentary tube; S,S’, lung-sacs, at first
unpaired; T, trachea; B, bronchus. (Prom Wiedersheim,
)
I Pig. 71,—^Ramifications of the bronchi, with outlines of the
I
i lobes of the lungs of the cat, ventral viev;. A, trachea;
|
B, eparterial bronchus; 1 to 4, lobes of right lung; 1’ to 3’,
lobes of left lung, (Prom Reighard and Jennings.)
I
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netXiUnxttsm lo lo oboja jinlworlB— .OV
.tRifl .1*^ ,eOB«-3r.j:r.C '8.2 i^6ts;i ©viHraxT:.-! ,/d'L
( .^KX-aileTcabdiW aioff'n) .Bnrfonorrd ,8 *fi^fiOB‘t<y ,'1 jbe'ifaqnu
lo a o fi .t I.tTfo rWXw ^ tfionoTcf ericf xO — .XV .gX**!
j , A ,vvt;iv lan^tfiav .d'flo arf;} lo a3n;/I e/lc? lo Eodd
<’e Go ’I ii-fsXT: lo sedoX o;J I
. ;
ardorroid Xi^X'i^o'i.qqo ,8
( . egjTXnneT, bna Marf^XaH moi'i) .snd “to eedoX
U
-R
Pig. 72.—Lungs of Hyaena crocuta, distended. Dorsal viev/. i
R, right lung. Numbers 1 to 6 Indicate the separate lobes,
n\imber 6 being the azygous lobe. L, left lung. Numbers 1' to 3’
indicate its lobes. (From Watson and Young.)
j
Pig. 73.—Lungs and trachea of white rat. (Prom Adams.)
I
.
weiv Xfic'ioG flnee^K “^o e^nj/J.— .SV
' ,aso'oI ecJi?‘iarr0a e/f^ elflOibnX 0 o3 I e'lecffimH .ij^atsl od^t'i ,H
S ’I B'lodOTtfid .^jiu£ -iJlej' ,JL .©doX efi! j^nlad 0 nedicz/n
(,Snf;oY F^nfl nociiiW aioT?) ,p©doI auJt 9uaoif>r:i;
Fig. 74.—^Dissected view of the thoracic and renal organs of
the walrus, Trichechus rosmarus, Linn, The sternal wall with
cartilages, diaphragm, liver, stomach, and intestines have been
removed, L, lungs; H, heart; AO, abdom:nal aorta; K, kidney;
SPG, right suprarenal gland; VC, vena cava, (Prom J. Murie.)
Right Left
Pig. 75,—Lobes of human lung, (Prom Walter.)
(
'H.
! 4 ' 'T - .*',*»
I I
lo cxifig'io lisne*! baB olba^todS eiriJ" lb i^sJhr bd;toa8eKI—
liilw Llatr lBa*ia:SB artT .nnlJ tsu^rftmao'i emioaxloliT ^exj'lXiw ©ri^
noacf 8V8fl eanli^aoctal 5ft8 .v,rfoxiflio>Je ,'ievtf ,ffl?^s*TifqflXb ,a©jjiirXit'X80
t^e£!bX>f ; 0 -i’'tO 9 XanfmobcfB ,OA |;t*iaad ,H •Rgntfl ^.I •bevortr©*!
(.ei'iuM ."t; flio't^) ,sV«o lanev ,0V ;bnBlS iafleTe'iqxxe irigli ,0<i8
i- f*
Pig. 76,—Arrangement of bronchi in mammals, ventral view.
A, A, eparterial bronchus
B, B, series of ventral hyparterial bronchi
C, C, series of dorsal hyparterial bronchi
P.A. pulmonary artery
P.V. pulmonary vein
(Prom Wiedershelm.
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RESPIRATION IN SPECIFIC MAMMALS
The study of representatives of three different groups of
I
animals will show the most obvious variations In Iting structure
In mammals.
The opossum, a marsupial. Illustrates the unusual case
where Immature young continue their development after birth*
I
During the time spent In the mother’s pouch, the lungs, as well
I
I
as other organs complete development.
Slrenla and Cetacea (Pig. 77)
,
will be discussed as examples
of mammals that have adapted themselves to life In and under
I
S water, although they must get their oxygen from the air. This
i
i
ability to remain under water, which in most warm blooded
jj
animals Is very limited ’’appears in several orders of birds;
j
! !
' among mammals, besides the aquatic manatees, whales, and seals,
i
there are for example, muskrat, beaver, hippopotamus, and otter”ii
I
! (Irving, 1934).
|:
!|
Man Is used as the example of the most typical mammal
i
I
that both lives and breathes on land.
oisioaiB MI mrvfoii^em
lo eatfo'sji « o'lclcf lo eevi’:J,H.1xit)se*7q©"l lio xbu^B ©flT
©'lAfiox/T^tB :q{wI n.t nnoi^CKl'i^’v u/iolvcfo Jeoat ertu rrorip. XXiw ^ffnaln/s
,rl rmxitt rrl
0R43O XjsvBXjfu:; od."t aoctji'iJFMll 1: s ^m^Jtsoqo ©dT
^iiS'xfcf ne:tt0 InejnqoXev^b c^Juioiroo itcwox eiuJittmt B'rnrtw
Ildw B© ,E8nir£ ©d;> ^'.r.voq 8*»rt<ciclom rti orreqp. ©rii snl'iiiCI
.c?i/ortqcr©v©jb :i^©Iqmco enjdja/io Tdd.to bb
^©tqwiixo ee bosBXxoeXfc; po X-fX.v
,
(VV
.sX*?) b©ob^©0 bh-a Bln&rtlC
ji
'ttbntf bnA n.t ellX od Efovl^Bmorf^ bedqjiJb© prVBd aXapifliBai lo
elriT .lie ©ri^ mo'll 'liedc? •^edv1 rffei/ori^tli.; ."©ctew
Xio.boolcr RrTBw jBOfli ni /ioirln ^'isc^bw xiiBrio*! o;t
jsb’iicT Ic 8‘iei>'ro rJUToveB nt R‘Tooqq«" Jbo;t ixnil sf e.f ^icrinu
bci& ,e©Iafiw
,
BdSCfBnBiii oid«i»pB ieri;t eoblsocf snewB
'‘i©dlo bnB t BJt/frtftXJoqoqqld ^leveocf ^cterDfB/Jtut ,©Iqirujx© ‘lol wia
.(iSGX ^gnivti)
Xar.'jeBfiK iBOiq^ct cteom odd lo ©Xqrttsxe' eri^J bb bor^tJ el neM
hnsL no eeridBO'id bttB t.syll xiiocf
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OPOSSUM*
New born opossums are about 10 mm, long. At birth their
lungs are composed of a few large air chambers that open almost
directly into the main bronchus* Air- sacs and alveoli are
lacking. Respiration has to be carried on in these modified
bronchi and bronchioles while the infundibular portions of the
lungs are developing. Therefore these large air chambers are
lined with special epithelium for respiration. As development l
progresses they give off branches and enlarge the bronchial
''
i
tree* There are bands of muscle fibers running circularly arounia
I
the main bronchus. They may help to contract the lung and force
: the air out during expiration. By the time the opossum has
ij I
ji
reached 14 cm, in length the air-sacs have developed, and from !
them the alveoli are given off,
ii
l|
I
II
'^Prom Bremer (1904)
I
‘
1
!
in
st.» »yncX .ttr OX Bm!.:r.r.c<tc a-od wel!
^teoyiCx) diifii RT^dsii^o 'xXh wo'i b Io boBOOfinoo e*XH e^.4CiixX
eaji XTor'irlB ^hb ei>B«”*iXA *8fjrfo/xo'id ©iW odfii yIcJopiX^)
Jbellll'Crti: daif*rii nl no b6Xi‘iBO ed od eBft nolctarilqcdf* .gtilTfoel
'to e.xioIX'ioq 'iJc>Xifdibni/lni ©dd ©Ilriw geXoXriono'xd bnw M'-no'sd
ft*x©cr£a/*.do ^Xb ea'uaX ©rto'l©*i©dT . nriiqoXsv©b oib egni/X
dnertqoXftVPb e.^ .woXiiwiXqRe'x *10! nfutXeriJXq© XHlocq^ ridXtf boaiC
lBldi>f‘0"rd ei1« «5i*t«Xrr® br-s ppdf'ffB'tcf '^lo evtj} ce«i?0't3O'xq
bniiorcB '^Xi>?XiJr>'xXo ^iiiinrijjr!: a*i©cfll eXtewffi Ic ebn^d ©*xb o'l&riT .©©icJ
©O Tn"t brt» awX ©dcr doei:JrtCD od qlod xant T£©dT .eurfn/.'O^cf nXairr edi
EP.ft im'P-Roqo ©dd ©jnl^ . 'loMmfqpco s^Xnyb dt/o ate arfX
mo'i'i .baqoXavPb -©varf evOBa-TXii ©dd d;ta«'»r a*, . in rx-xroReq
.l^o nsvXa ©'!« XXoevXa '^rfj rapfid
I
(ikOGX) 'inpto'iS iao*x!*J*^«,
11
i 1
t
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SIRENlA
j
Slrenia are large aquatic mammals, popularly called sea-
j
cows* There are two genera; Manatus, found In the Atlantic
i
and in a small section on the east coast of Africa; and Halicore
(dugong), found in the South Pacific and Indian Oceans. They
inhabit shallow water, often near the mouths of rivers, which
i
they ascend. i
'I
Parker (1922) studied the breathing habits of the Florida
manatee, Trlchechus latirostrls (Harlan), in the Miami Aquarium,
i
The animal remained submerged for hours at a time, except to
come to the surface to breathe. Two or three respiratory acts
I
occured, twenty seconds to three minutes apart. The longest
I
! time any specimen remained under water was sixteen minutes.
I
I
Terminal bronchioles have a diameter of ,6 to .3 mm. at
l'
the point where they enter the air-sacs. This is large compared
II
jj
to other mammalian bronchioles. They are lined by cuboldal or
I
columnar epithelium, which ends at the union of the terminal
,
bronchiole and its air-sac. This indicates a boundary line
I
between the conducting tubes and the respiratory area. In this
1
;
case the respiratory area does not extend into the air-tubes.
li
II The cartilage is highly developed and extends into the wallii
Ij
i’ of the smallest bronchioles and their openings into the air-sacs,
I
, *Prom Wlslocki (1935)
»'
1
f
ii
-goR b®C£i»o ^XTP.r.i;<7oq .alftwwAoi o£:JAc/p/i ojj'TbX (^-xh alncT'a
oictnr.XitA nl bmrc^ ^ *, owi oia e'leri'^ . •-.^o
?'ioorXaH bna Ic ;Jr.so ©rf:J no rfoioo-^a r/p.ma p rtf bny.
y^OflT , jCTB.i ^"inT 432*ito/?'I il^f/oS tiX ,(^no^c/b/
f(o^d»* , ‘t‘jvt'1 lo p.fldjuoni add’ 'lAyn na^lo ,'i3dn>v .ro£Xx«(a
.fjntooee
©M'tol'? add lo h*d."cfer{ gnlrCdBS'rd &iU boidi/de (’^’^WX) 'idiC'ioT
,n!tjI‘XrcpA IfiiBXM arid at JrtftItaH) alT+^.o-ildaX auriofrioXiH ^a' ltnrmiv.
I
I
od dq-3oxc' ,9wXd B dii RTiiJari ‘lol haaiHinart ifiT
'^lodrf'X tqjia'i da'xrfd to owT , ’'rid.^Q'tri od ©Oftl'xwa ©rid od omoo
dB^jjnoX 0riT .daaqQ c©dw/r£ra ee^irid od ebnoote ^dftevd ^ftorri/ooc
.codtralw aoadxX« bbw lodsw ‘labr^n baniame'i fiataXoaqn i;rTB oatfJ
'^s^nu£ eadfloBfa lo ’cbj/da otqooao’iodM
'' da .mff: od 0. lo 'ledemstb b ever! soXoXrionoicf Ifjn'.’meT
fte'xaqfcoo 03*ia.r «1 nXriT .BOBB-nls ©rid 'loda© )£©rid e^tariw dnXoq orfd
•xc lebJtodt/o -^ri beiif-I ©".a Y^riT ^RoXclrionofid na^Xemnam ‘loxfdo rd
XftfiXni'isd odd lio noXnjJ ©rid do ebne rioXxiw ^iiiailerid tq© 'lanfru/Xoo
onil vj^/sbnxrod a EOJaoXfofit sXri-' oaa-'tla edt boH ©Xotrio/vo'xd
i
ttXrid al ,£©'1.9 ^'XodB'ilqad-i ©rid bn« secftxd s^tdot/bnoo ©xld nsQwdori
ji
'
.eecfud-i-ta arid odnX bnsdxe don aaob ae'ia '^qodamXfiao'x odd ©«so
allBw arid oda£ abflodxo 5mi f>©qoIe'5^©5 ijXflaXri aX ©saXidiao eri'x
,aoeR-*iXB ©rid odnl egnlraqo qXexld fana BeXoirionoid daaflsisa arid "io
(acex) t^tooXsIW moi^*
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Smooth muscle and elastic tissue are found in the bronchiolep,
Ibut there are no myo-elastic sphincters in the terminal bron-
chioles as in the porpoise. The elastic tissue is mostly in
ithe form of a thin layer of fibers lying between the cartilages
I
I
and the Iximen of the bronchiole*
II
The air-sacs are very large, especially in the periphery
under the dorsal pleura. These sacs are cylindrical in shape.
Their lengths may reach 6 mm. and their diameters 1 to 2 mm.
|Cn the ventral surface of the lung, the air-sacs are never
elongated. In the interior of the lung, they are smaller and
polygonal in shape.
The septa bounding the air- sacs are composed of much
collagenous material, some smooth muscle, and a small amount
of elastic tissue. The air-sacs are subdivided by septal folds,
along whose margins the muscle and elastic tissue intermingles,
forming dense myo-elastic bundles, which probably help to
'control the size of the sacs.
I The capillaries which form a double bed in the walls of the
;
I
I
; alveoli are separated from each other by collagenous tissue
‘'which lies in the center of the septvim.
Wlslockl could not with certainty distinguish the presence
of an epithelial lining in the alveoli, but in some cases
li
I observed a distinct layer of cells on the surface of the alveola#
I
!
ij
wall. This he believes was epithelium. j'
|| The pleura is very thick, varying from 0.3 to 0.5 mm.,
which is much thicker than in terrestrial animals. It is well
ini
« toliiofvo'tcf ©rict nf hnuol nta ej/«eX:t olisijlo fini* oXoeiim dJoon8
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fibers and smooth muscle bundles; andjlnnermost a layer of
delicate fibro-elastic tissue containing capillaries.
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CETACEA
Because most Cetacea live in the open ocean, often in water
[i of great depths, a study of their habits and anatomy is rendered
||
difficult, Wislocki (1929) studied the porpoise, Tursiops
truncatus; Wislocki and Belanger (1940) studied a group of
whales including the Blue Whale (Balaenoptera sibaldil), the
i|
j
Finback (Balaenoptera physalus), and Sperm Whale (Physeter megal[>
cephalus). The l\mgs of all three were similar. The whales
I
studied by Haynes and Laurie (1937) were the Finback (Balaenopte|»
physalus). Humpback (Megaptera nodosa). Sperm Whale (Physeter
li catadon), and the Southern Right Whale (Balaena australis),
!
ii
ij The Blue Whale studied by Laurie (1933), and Wislocki and
II Belanger (1940) is so-called because it has a bluish caste. It
II
‘ is the largest mammal that ever lived, either on land or sea
i
I
j
The specimen examined by Laurie (1933) weighed 63 tons but I
I- !
jl some reach a length of 100 feet and weigh as much as 115 tons,
j
j'
L They would equal in length and surpass in weight the extinct
|i
j! dinosaurs (Kellogg, 1940), The lungs of a Blue Whale weigh
Ij over a ton, so anatomical study is confined to sections (Haynes
il
j|
and Laurie (1937). When cut, the collapsed lung resembles a
t!
!' rubber sponge permeated with blood (Haynes and Laurie, 1937),
Adaptations for breathing in water
Cetacea are adapted for life in the water in many ways, but
I
I perhaps the ’'blowhole” is the most Important in breathing.
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These external nasal openings are located on the top of the
jhead# Whalebone whales have two, but in all other Cetacea the
I
I
!i
two are united into one. Since the blowholes are located on top
I
j
of the head, the animals can breathe without exposing much of
the body above the surface.
' The forward part of the larynx extends as a very long
appendage into the cavity of the blowhole (Racovltza, 1903)
I
The tube to the blowholes is usually almost straight, except
in the Sperm Whale where it runs obliquely forward (Miller and
I
Gldley, 1938). This makes a continuous connection between the
! 1iblowhole and the lungs. Cetacea swallow their food under water.
I
I i!
I The food passes into the esophagus on each side of the closed-
off larynx (Racovltza, 1903), and the water cannot go into the
lungs by way of the mouth. When the animal is under water, the i
i
blowhole is kept closed by an elaborate set of pocket valves
' (Norman and Fraser, 1938).
Before expiration takes place, the blowhole is protruded
I!
rapidly and spouting does not occur until the blowhole is out
li
I of the water. The orifice of the blowhole is small and air is
ij
expelled in a narrow column with force. During inspiration the
ii orifice is wide open and air is taken in suddenly.
jl
jj
Additional adaptations are seen ”in the whole topography
i, of the chest, ribs, diaphragm, and neck, as well as in the
^structure of the trachea and lungs themselves" (Wislocki, 1929).
(The chest is barrel shaped and the diaphragm oblique, thus
allowing greater extension of the lungs. The neck is relatively
* .'j'
I®
. .
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immobile and the trachea is short. The structural rigidity
due to the extensive cartilage resists the outside pressure.
Another adaptation is given by Beddard (1900) regarding
the blood vessels. In many parts of the whale’s body the
blood vessels form networks or ”retia mlrabilla” produced by
Ij the breaking up of an artery into minute arterioles. The result
||
is that the flow of blood is slowed up at this point and the
li
oxygen more fully utilized by the surrounding tissues. These
I!
networks of blood vessels are located near organs that need
abundant oxygen.
Inspiration and expiration in the whale
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After a period of submergence the whale comes to the
surface and at once makes a prolonged and forceful e3q)iration
i
I| called a ”spout" or ’’blow”. The warm moist air given off
j
condenses if the atmosphere is cold enough. If the air is calm
and the animal is moving slowly, the spout is vertical, but if
j
f there is a wind or the animal is moving rapidly the spout is
ji
I
Inclined.
!
II The duration of the spout varies, the larger Cetacea spout-
!!
j, ing longer than the smaller ones. Racovitza (1903) gives the
!
following examples; 5 to 6 seconds for the sulphurbottom whale;
1
3 or 4 seconds for the humpback; and 2 seconds for the porpoise.
The noise of the spout varies in Intensity with the size of the ^
I animal, being scarcely audible in the common dolphin and very
I
loud in the sulphurbottom, which also holds the highest spout
^
recor^j,^^^^ (1903)
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Following the spouting, the whale makes a series of shallow!
dives, each of which is followed by an expiration and inspiratid:
The spouting which follows these dives is not so high* The
whales that dive the deepest or stay under water longest take
the greatest number of ordinary inspirations before prolonged
submergence* The Sperm Whale has a record of 60 to 70 shallow
dives# It has remained under water an hour and ten to twenty
minutes* In this whale, long submergence is Important because
it feeds chiefly on cuttlefish which live at great depths*
Following the series of shallow dives there is a long deep
inspiration after which the whale plunges to the depths for a
quarter of an hour or more#
Lung structure in cetacea
Cartilage
I
i
In the bronchial tree of the Cetacea, there is a complex
cartilaginous development which allows a high degree of compres
ibility caused by the increased outside pressure#
In the porpoise, the cartilages of the trachea and bronchi
are circular and closed* There is no membranous part* The
rings are not completely separate, but fuse with each other at
irregular Intervals, producing a lattice work# In the bron-
chioles bearing sphincters, the cartilaginous bands tend to
alternate in position with the sphincters* The cartilage
extends down to the last sphincter that opens into the air-sac.
" (Wlslockl, 1929).
I
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In the whale, the extent and arrangement of the cartilage
i
:1s the same as in the porpoise (Wislocki & Belanger, 1940)*
I
l!
Respiratory division of bronchial tree
I
i
j
In the porpoise, the first muscular sphincter marks the
point where the conducting division of the bronchial tree ends
and the respiratory division begins. The first sphincter is
followed at short intervals by a series of similar sphincters
^^6
to 18 according to the length of the bronchiole. These
sphincters occur up to the point where the bronchioles, now
,
0.2 mm. in diameter, enter the air-sacs. In other words, the
last sphincter marks the entrance to the air-sacs. (Wislocki,
1929)
.
I
Beginning with the first sphincter the epithelium changes
from the high columnar type of the conducting bronchioles to a
flattened respiratory type in the respiratory bronchioles. This
extension of the respiratory surface into the bronchioles
increases the respiratory area more than in other mammals where
the bronchioles bear only scattered alveoli on their walls.
(Wislocki, 1929).
I
j
In whales, there are no traces of muscular sphincters in
I
I
the terminal bronchioles (Wislocki and Belanger, 1940).
Air-sacs
I
In the porpoise, when the air-sacs are distended, they
appear polygonal, oval, or elongate in shape. The air-cells
I
tjgnIU'iiiO erU 'jto hn^ »i<1J , ^Xaiinr f>aJ rtl
''
, y^J X^S / .t>Si>cCp.lf^'/ «"*.foq'Tocr oKd nX en •.mr- ^rict
901:1 iMlffo/ 9id lo rjo^^Ir^b Ttioctm tqe 'R
yrf.l E I?* Jor''i:rf<'[a ii? ryo^i/».T .tfi :«rM ^ TA' ^oroq erii rrl
»i*)no ee'tJ [.Bf/iocrc ui lo notirf.v;b rurt‘. sj1>rroc oricJ Mciinf
»‘J ^H'JoaJjiqE .t'i’tri -ufT .fliuX8®<^ no.J:(-:^vi^ ai>i
c'xedt^nXriap- lo qoX'IOk a/^tf .vu.hr .Ik b-^wofXol
ac©(lT , 9 0010 -ffrt to 4.t;./roX on;? ou* ^^otioono:? 0/ oJ J
Ivor: . •'olOXffonoii^ ©.l;r o-rof^w ^rlo-? ''i qJJ itr-': r' riO*' ? offMqp.
0^5 ,p5iow 'icil.to nl .rjy.«c-iixi f£!di lo:?!!"* nl ,“ :!
,
! 5doo.I siV? ) .«eMC~‘ii« «ii:? '':? *5*onaia£'9 «rfct 'ioX'>n?<qo X^rJ
.
(e‘::Ol
«»jn.rvrfo tax/iXsccMq© erf:* Jr-iit t/K*? rft tn^
B od aeXcirfonoid 5n'dM/f>noo to ir^rtinx/Xoo ii^ild vii^ mo*i"l
nidi' .seXoirionciJ ail:» riX ^
ualoifionoid orl,'? o^rxl ©orttiue \.'to:?a*iJLqf>o'J ©rid to noinxiedxfj
eierlw elttry.ijru5m i&ddo oi .nodd ©iom orid sep.aeioni
,eXXK'v il.^rfd no XXo^vIb 5.'0'x^.:Jdrjo?. ?Irto u. ^^o^doncicf eriJ
., ,
uooLp.l^'}
at 'riodoxT.tiiqe itjliroaxw 'lo s 0 o.«*xd on 'Mb eiexid nl
.(0X91 .loii^rrslGH IjIooIbxW) et>IoIdc'/TOicf XxTiInnod add
I
aoBP-iXA
\;9rid jj&fVbnfc,''driX6 ci^j soca-iXa arid noriv. .eEXcrqioq axlJ nl
pCIoo-iXb oriT .3q/?rio nl adxjjjrroXo lo ^X ^vo , XBno?>X-f leoqqR
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lior alveoli are separated by strong septa which contain elastic I
i!
'
''tissue on each side of which is a network of capillaries. No
j|
I
'muscle tissue was found by 7/islocki (1929) in the walls of either
‘I I
the air-sacs or the alveoli, although there were delicate bundles
,iOf myo-elastic fibers in the walls of the air- sacs.
,
II
In the whale, the air-sacs are enormous. Some examples
I)
jjfrom Wislockl and Belanger (1940) follow;
|
ii
I
Diameter of air-sacs of alveoli
I
/
Blue Whale 4.71 mm. 0.40 mm.
Finback 2.00 mm. 0.45 mm.
White ’^Tiale .90 mm. 0.35 mm.
I
i The walls of the air-sacs and inter-alveolar septa are
excessively thick.
Diameter of walls Diameter of walls
of air-sacs. between alveoli.
Blue Whale 240 u 60 u
Finback 60 u 20 u
’Aliite Whale 30 u 20 u
Porpoise (Tursiops) 75 u 20 u
The larger septa that project into the portion of the air-
sac adjacent to the bronchiole have thick bundles of muscle and
elastic tissue forming myo-elastic bundles. These run in a
direction circular to the long axis of the air- sacs. (Wislockl
and Belanger, 1940).
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Laurie (1933) describes a "heavy elastic bundle circum-
scribing each inftindibulum* " Wislocki and Belanger say these
I'
bundles are not purely elastic tissue, but are the myo-elastlc
ii
"sphincters mentioned above in the larger septa,
II
H Myo-elastic bundles are present to some degree in all
1
I
Cetacea, but myo-elastic sphincters are a special structure
found only in the small species (Wislocki, 1929),
|| The elastic tissue predominates in the bundles, whereas
il
the muscle tissue predominates in the sphincters, Myo-elastlc
bundles are homologous to the delicate strands of muscle
described in the alveolar ducts of many other mammals, (Wislocki
and Belanger, 1940),
ji
Ii The function of the myo-elastic sphincters in the porpoise
Ii
,jis to close off the air-sacs and respiratory bronchioles after
inspiration and imprison the air in them, thus preventing a
gradual collapse caused by the increased pressure from the
outside while the animal is submerged. The air is thus kept in
I
i
i contact with the respiratory surface. The sphincters also act
Ii
"as antagonists to the action of the elastic tissue, (Wislocki,
il
1929),
In one porpoise, the small harbor porpoise (Phocaena
communis) no special myo-elastic closing of the air-sacs or
bronchioles is found. This porpoise is not able to remain
submerged so long or to go to such great depths as the others.
The one known whale in which myo-elastic sphincters are found
is the small white whale. (Wislocki and Belanger, 1940),
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The myo-elastic bundles serve the same purpose as the
sphincters. They close off the respiratory portion of the lung.
The elastic fibers help rapid expulsion of air during expiration,
(Wlslocki and Belanger, 1940).
i|
’ The elastic tissue in the air-sacs helps the lungs to
collapse quickly and completely when the whale expires, so that
1
the only air left in the lungs is that in the ’’dead- space” or
non-flexible portions of the lungs such as the air-tubes. The ii
;i
ijdegree of collapse in a whale’s lung is great due to the large I
ij
I
jl quantity of elastic tissue in both the lung substance and the
'ipleura. (Haynes and Laurie, 1937). i
ii
I
II
Lack of epithelium i
ii
'
jl In the whale, the interalveolar septa are bounded on both
li
sides by an extensive capillary network on which no epithelial
i
II
|!
(lining can be identified (Wislockl and Belanger, 1940). The il
'i
Ii
I'blood is separated from the air-spaces by the thin capillary
|
jendothelium (Haynes and Laurie, 1937). ’’The lack of alveolar
I'epithelium and exposure of the capillary netv/ork to the
i;
respiratory gases is believed to be unknown hitherto in lungs
I!
jof land mammals which have been examined. In the latter
I
epithelium is always present.” (Haynes and Laurie, 1937).
Pleura
In the porpoise, the pleura varies from 0.5 to 1 mm. in
thickness. It is composed of dense fibro-elastlc tissue, well
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vascularized. No smooth muscle is present. (Wislocki, 1929).
I In the whale, the thickness of the pleura differs in
!l
different species, but the average thickness is 5 mm. Elastic
,,
tissue is very abundant. (Haynes and Laurie, 1937).
I
Diaphragm
I
j
The diaphragm in whales is oblique in direction (Beddard,
i
1
1900). It is connected ventrally to the abdominal muscles and
I
i
j
passes dorsally in an oblique line to the posterior end of the
j
vertebral column (Beale, 1839). The oblique diaphragm allows
for a larger thoracic cavity in which the lungs extend further
I
back as well as further forAivard than in quadrupeds (Wislocki,
I
1927). This increased length of lungs takes the place of
1
I
I
lobulation which is lacking.
1
1
!
.11
1
XX £ 1
fz -~ i
.
(Q5ex ^XifooXeJtW) .^naeoiq el ©Xoeiim ti:ioom oW .JbesliflXiwcjBV j
ni A'ti:©Xq <wf:J to fBO/nlolric^ oil^ ,»Xmfv ©ritf nl i
ot;JB4sXa .asm 3 el eeoflslotrf^ ejifiiove wria ^eftloogr
.(V^.^X fcru eofixaH) .^nubauan xnov el <
if^iarrrfquld
, biBJbZjefl ) not^oeklh nl wptld^ el p.^Imciv nl mRjft'iriqiilb exlOP
bna Bbloema lASiltaoMB erfa oS tXXeT^fiifjV l5f»Jo©nnoo el il . (00€X
etii to hm n<>l*S'»^Boq ot offll »tn>ll(io ne nl ^XX^e^tob eefteaq
bwoXXb euptldo oxfT .(05^1 ^9la^) tumlor)
•lerist’ir/t brtoJtxe e^Uttl eit^ rtolrfw nl oto/i'tori^ 'x«»£*xjal a 'lol
,1j(ooXe 1?7) sfe^^qirifcaiTf) ol rrarf:t biaw^ot Terfj**«/1 ea XXew ea :£oflCf
to ©oaXq arfct eesfa:^ to HdpneX beeaenonl ifeldT . (VSCX
'*? /' '
'
*aal3loaX el rfolriw nol^eXt/cfoX
3;
Finback Whale
(Balaenoptera physalus)
Southern Right Whale
(Balaena australis)
I Pig. 77,—Animals adapted to living in water but breathing air.
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MAN
Bronchial tree
I
The trachea has an average length of 4 to 4 3/4 Inches in
|i
man, and 3 2/3 to 4 1/2 inches in woman (Dwight, 1919). The
length is difficult to determine on account of the elasticity
the trachea as well as its variation.
i
I
j
Where the trachea bifurcates, a ligamentous band is located
which connects the two bronchi together and limits their
idivergence (Waters, 1830).
i The right bronchus has three branches, one for each lobe
jOf the lung. It first divides into two unequal branches, the
^smaller of which goes to the upper lobe. The other branch
divides again, the new branch going to the middle lobe, and the
original stem to the lower lobe. The left bronchus gives off
a branch to the upper lobe and then passes into the" lower lobe.
ij
The primary bronchi subdivide until finally they end at the
air-sacs. (Waters, 1880).
I
The method of branching in the bronchial tree is a com-
I
binatlon of both monopody and dichotomy, according to most
authors. Waters (1860) describes the main bronchus as dividing
jusually dichotomously into primary branches; these, by dicho-
1
'
tomous or trlchotomous division form secondary branches.
Tertiary and quarternary branches are formed by dichotomous
|i division. His conclusion was tnat dichotomous division v/as the
1
'
V- hM
i|
•
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commonest type, although there was no great regularity.
Several more recent investigators seem to agree on a
i combination of the two types. Ogawa (1920) states that the
alveolar duct divides two to nine times to reach the air-sacs,
and that in this branching both monopody and dichotomy are
I
jfound, Willson (1922) says, ’’The method of branching of the
bronchioles is dichotomous until the terminals are approached,
land then the branching becomes irregular,” Miller (1937) finds
'alternation of dichotomy and monopody,
I
j
Anastomoses between the branches of the bronchial tree do
not occur (Macklln, 1929).
Structure of the trachea and larger bronchial tubes
The trachea has 16 to 19 rings of cartilage (Dwight, 1919);
;
16 to 20 (Miller, 1937); 16 to 21 (Waters, 1860), In the trache^,
and larger bronchial tubes, the cartilage is in the form of ring?
I
!|
incomplete dorsally. The rings show marked irregularities such |
|l
as splitting, or fusing with adjoining rings.
j
I
The rings are connected to each other by a dense layer of
j; connective tissue (Miller, 1937), The dorsal space between
I
\
the ends of the cartilages is filled by a membrane made up
h
mostly of the fibers of the trachealis muscle. These fibers
I
i! run transversely with only a few scattered longitudinally, During
I
inspiration the muscle layer relaxes, thus increasing the lumen
|i of the tubes. During expiration narrowing is caused by con-
traction of the muscle fibers. The X-ray and bronchioscope
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1
show that these changes occur (Macklin, 1929). The muscular
j
,
membrane is attached to the inner surface of the cartilages
|
h
!
in man, but to the outer surface in some other animals. The
j
Ij I
' bundles are frequently branched and often link together carti-
lages of different levels.
Throughout the bronchial system there is intermingled with
the muscular layer, a loosely woven layer of elastic fibers
arranged circularly, forming a myo-elastic layer (Macklin, 1929).
Situated between the muscular layer and the epithelium is
!
;
! a layer of closely interwoven elastic fibers which run length-
!
wise along the air tubes from the larynx to the alveoli (Macklin,
!
’
:l
il929). During inspiration, the elastic layer stretches, i
i :
\
I
increasing the length of the tubes. During expiration, the
1 li
I I
'
elastic layer relaxes, shortening the tubes. '
The epithelium consists of several layers made up of the !
I
!
following kinds of cells: basal. Just above the basement mem-
brane; Intermediate, extending from the basement membrsne to
[
the surface of the epithelium; ciliated columnar in the bronchi
' and ciliated cuboidal in the bronchioles, extending from the
i
basement m^^mbrane through the entire thickness of the
: epithelial layer; goblet cells, also extending through the
i|
'j entire thickness of the epithelium (Miller, 1937).
II
The epithelium is extensive enough to line the tracheal
I wall when it is in a stretched condition. When the trachea is
' narrowed by contraction of the circular muscular layer the
.1
[
epithelium forms lengthwise ridges (Macklin, 1929)
.
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Structure of the finer bronchial tubes
Eventually a point is reached in the smaller bronchial
tubes where the cartilagenous rings are no longer present.
Instead, crescent shaped cartilage plates are arranged in broken
circles with no membranous space dorsally. This makes all sides
of the air tubes equally resistant to pressure (Waters, I860),
The point where cartilage begins to be lacking entirely is
in bronchi between ,06 and ,07 mm, in diameter on an average
(Miller, 1937), Before cartilages disappear altogether, frag-
ments are found only at points where lateral branches are given
off by the bronchial tubes (Waters, 1860),
When the point is reached where there is no dorsal space
between the ends of the cartilagenous rings, the transverse
muscle fibers gradually extend in a net like arrangement around
the entire tube instead of just between the ends of the
cartilages (Macklin, 1929),
In the smaller bronchioles, especially the terminal
bronchioles, the muscle tissue is relatively better developed,
but from there on it becomes less dense in the respiratory
bronchioles and alveolar ducts. In the latter the strands are
arranged in a mesh- like form. The spaces in the mesh are
occupied by openings leading to other alveolar ducts, alveolar
sacs, or alveoli. (Macklin, 1929),
Elastic fibers are intermingled with the muscular layer.
I,
iKirioCToif-f rtenl*! ©.'Id ^o o-TfdociJfi
' Xfilxlono'id *;t.XIan<»» ©ii3 nt fj»rioeo»t n^ dnioq fi v.I/euc^fr©
. rrojtncJ or '>•^0 p-j^oin RUonflgsJ id*rno ©ria durff*-' aedvJ
\
ffp^Ci'td r i eno t ftjafJJ'T.so [tftqjRffp Jnsoeo'to ,'ije3BnI
I
Rr?bJ« XIj» BoSnrt I'ld'I . * - XasnoD ©raqp. Px/onaadciAm on ddlti. rrlo'jJo
.{•>(>6.r onup.Bb'in od ri/rfivie/ 80 'i \.'iip.yp© eocfu.1 'lia ©rid \o
«1 ^Xoj'iXdf © lid od unised o^bX tdiao r. nGrfv/ dnfoq ©ilT
esjBnevA xib no nedaftfBXb nl .•tjb vc. ^^p t' , no^wdod trioncrEd ni
I
-SBil ,nofldo?.jOd f e ‘TaoqqPBib aejct^ r (die© , (V^^Of ,'^r’CIXH)
nt.'vtg *)nr Rftdr'.' nnd I n&driX anedw cdnlcn da ^Ino bnne^ ©Tii <;dnp|p
.{ '^bP C
,
neda’^) p^dird laXrionoTd odd ^d llo
^
I
©oaqe Xnenojb orr eX otorld o'lorXv. bodOBon 8 t dnic^ ©rfd noff^
^
I OB'iovpnBTfd erld ,p,55n.t'T: Rr/orfo::^^/ td'CBo edd lo ef/H^ odd nAawdoc
-bnoona dftrme^ne'rnB o^tXden a rri I>n&dx& Isi/ba'i^ anodX'i t.Xoexnn'
ojia *lo ‘ hne odd noowded Jer/f, ba&dBnX odad o'iJdn^o ?*ri3
:
»
,f^s:&X trXI^'oaif) Kosalid'xso 1
Xanlranod oiid ^ . poXoXrlcnond ''isXXaice nl
^btjqoXf-vaJb 'loddf'd ^Xov^djaXorr ai orreeld oloei;r?i sxfd ^doIolrlorr'Td
'i
- '
'^nodBii. jeo*i odj nX ©‘'.nob rcoX aontoooef dX nc ©rrorid; icdo*^ dt/d
I
! o"r.e ebfTBTd;: ©rtd •roddai edd nl .Rdono TLsIoevta bn.H E<)CoXdoroacf
)
* 9np dasirt ©dd nX KOOBqs edT .mol o?<XI-ripeci p rX b'-^nanTB
, 'ibXcsvXb ,adcnib -tcXoevI^’ 'irrido od ixctlbupl es.nXfi©gc I'd ij-iXmoco
j
,j
* ^rfX,l 3foBM} . Xlo^vXe n'’ ,^0 = 8
,np,^BX nr.It;?<eiriK edd rid belsrr fnisd/iX ©in 8»xorfXl oXdeBl'J
I
T
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which helps give an evenness to the dilation and recoil mechanism
(Macklin, 1929)*
When bronchioles reach a size of about 1 mm. in diameter, the
epithelium diminishes in thickness. The same kinds of cells foun
1
in the trachea and bronchial tubes are present, but ciliated cellu
outnximber the others. Just before the appearance of alveoli, the
epithelium changes still more. The ciliated cells change from
columnar to cuboidal in shape. Goblet cells disappear. In res-
piratory bronchioles the ciliated cells gradually disappear and
are replaced by non-cillated cuboidal epithelium which exists
bhrou^out the respiratory bronchioles. In the alveolar ducts,
i
bhe cuboidal cells become flattened into squamous epithelium.
(Miller, 1937).
Lung unit
A unit of lung structure is the lobule which consists of a
:[»espiratory bronchiole and all the tissue branching from it (Pigs i
78 and 79). Each lobule is arranged so as to give a great
Increase in respiratory surface. The terms applied to the
various structures are numerous and are here briefly explained
since they occur in the works of all authors, although there is
ijome variation in the choice of terminology for a particular
structure. Macklin (1929) makes the greatest niimber of sub-
ilivisions defined briefly as follows: terminal bronchioles which
1
indicate the last portion of the purely conducting airway;
respiratory bronchioles referring to the first tubes bearing
bXi
l.fnf.innrto&ci / looci bna nol^cXIb orfjJ ocf stioa/tuvo nu '^vlp ecrXod r^oid.
i
f .(e<nex ,nXX>/oflM)]
I
, TtJCJoctfiXb nX .nim X ^^irodit "lo ftsXe b rloBori BdlcJbilono'id nf^cTl
ixf.unt hSI 0 1r.o abnX>[ ©riT . 3ee.n>IoIcf:‘ nX eodeix^lff»lb inLfi.Xed;fl(^^.t
ai'lBO bsctBXIin d!jd Q<--cfu:J X Jdono'xcf hn^ Bodon't:} on'i nX:'
ied^ ^XXoGvI>3 ^0 oonBaaenoB odu e'jo't&d dexiL .Rieri^o 'io<ifliwn^jj<.
»
mo't'l osnedo fiXI*:*© bv.iBXXXo er£T .oicm XIXcXb ado
-a&T nl . i/irqqBfcib elXso :t©Xcfo€ . ^qjQXl© nt iBbXocfuo oi 'y>}ftirtjjXoo'
bftfl XBoqqselb f>X£-^c bo^etClo eri4 aeloldono'tc x'rc^a'ilaj
aXp.lxe doidYf wx/lXo/15 iqe XebXocfuo be^eiXXo-non beop.Xqo'i orra
^Bdoxjb 1 Xo^vXb ©rf4 i'll 8r*XoXdorroT:cf ©del cfxjoffewoTri^
.‘iinXXcri^Xqo aif'jcxBX/pe octnX b«nsddBXl ©moood aXXeo iBblcdjJo {^d^f
.'v«';ex ^'laxxiM)'
^ Tnir ja/ti/J
£ lo aJ^ttXpnoo rfoWw 5>Xxjdof ©flX ai o*tijaoj:rrtw^
k
ijm;X lo oXfUJ A
• mo'll gniriofiBicf ©def XXb bne rloJhdOfio'td i^oofi7 iqa©ff
.tsaiji ^ «vig o5 8£ o« begnB'i'iB a!. ©XxjrtoX /XobS .(9V bnB 8V
eii'cf oct beXXqqjB ejoioi^ ©xlT .eOBlixre v'lO^BTXqe©'! nX ©ReeionX
b^nX/jIqx© v>Xl©Xnd ©T:©d ©»!£ bne ajLro'xemxjrn ©is ee'n/jouiue nifoI.'icV-
I
tl 6T;©ril fl^x/or{;iXB XX© lo cjWow ffd^ nX 'it/ooc ^©rid eofiXel
'liiXuolX'tBq £ ‘lol >jjioXcftXrfpi©.J lo ecXcrio ©riit nX noX^tBX'xsv ©mos
,
-cfwp lo ‘2 ©dou/n daeijs-. 'ts ©nq ©©jIbio (GS^X) nXIdoBM .©'ii/croirrl©
rioXdw eolol icno'id XBnXnnscr :8noXXol ea ^^Xlei'id benXlob Hnoisivib
p,jyt:iaijb£ioo '^Xeii/q lo noXXioq ctaBi ©rij ©ctBoXbnX
^nt'ip.od p'djtfl XeiXl ©dX o3 jinX'ifioloi eeXoXrfo/io'xd ^oXB*Tlq8©T;
<
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alveoli on their walls; alveolar ducts leading from respiratory
bronchioles and opening into the air-sacs or infundibula;
alveoli which are the individual air-cells in the walls of an
air-sac. Miller (1937) uses, in addition, the term atrium to
designate an expansion between the end of the terminal bronchus
and the air-sac. Ogawa (1920), Willson (1922), and Macklin
(1929) object to the term atrium because they find no definite
irea to which this additional term applies. Macklin objects
3l1so to the term infundibulum because it suggests a funnel shape,
'ffhich is not the typical shape of an air-sac.
An alveolar duct divides two to nine times to reach the
iilr-sacs (Ogawa, 1920). The alveolar ducts bear on their walls
not only alveoli but sometimes, in addition, air-sacs of various
ulzes. Air-sacs as compared to alveoli are relatively more
numerous toward the peripheral ends of the ducts, while isolated
iilveoli are more frequent near the proximal ends (Macklin, 1929).
The alveoli on the walls of the bronchioles are larger and
more easily seen in the lungs of some of the lower mammals, than
!.n human beings. In man, they are sometiines not present at all.
'!?hey appear to diminish in number with advancing age. The more
(Listended the lungs, the more the alveoli are obliterated.
I Waters, I860).
Structure of an air-sac
The air-sacs are arranged in groups, side by side (Pig. 80),
n nearly circular form, but due to pressure they become
rno'tl gnlftadl e^oirf' Tf’XoovIp ;?J.Ibw nXori.l no ISoevlr
'
*io noan-nlB bdi o^rX ^inlnp'cio bn^ eftXo.triobo'^.c
flc 'to -irin ^xU nl elloo-rslA XrL'f'IvXbnl erfc^ fiB rlr-Xrfw rvI.o
OJt mnX'Tw^B ©rt;t nX ,8^^eif (VCGI) 't&IXlM .oBB-iiw,
cndono'TCf XonXmi©:! sdcT lo bno ©rf^ xxolnfmrr^^ ad e-
oXXj^ojjM hrrn
,
) roellX’^’ bwbsO .OBB-'iXi? ^^fr tn£,;
©^XnX’t'jb on bnl'l 7.©da rsnaood fu.'X'iJs mn:ed od
«d06t^<^ ftII>tOBK< .•••IfqqB rmod X jrno Xdibbe slrfd rio-dA od 9©*x^
ooBfia Iftonwl « edse^sn? dX oonsoed nnXifdXbniAnX nned edd od oeXi^
i]
nji *to ©oBiis Xfiolq"^ ©rid don al rioXri«fi
arid rir.eon od 8©»iXd entn od ovrd ^^©ftXvXJb dotxJb nsXoevXB nA
)
QXX8^ nleild no iBeri ?donb nBXoevXa orlT .(C99X ^BWBgO) ec-se-'Tirf.
euoXnflV 1o Roac-niB ,fr,ldXbbs nX ,aeniXdf>moE dxrri XXoevXa TjXno don
©ncra Y^divXd aXtin ©nee XXoovXn od bonacfcioo ea ROoe-niA .eesXsj
bsdBlo©' oXXifv; ,"donb ©rid ‘to abne rBq©ri.qXno.q ©rid b'lnwod eWrodomon
(^OX ,niXiIonW} abn© XroiXj:o*iq arid ns-^n d-nano'^)'!'! ©nora ©na xro«DvXa
bn© 'iftg'iisX 0 *1© RftXo.triono'rri srfd "Xo aXIar/ ©rid no XXoovX© oriT
narid ^elRtrjBiBja newoX ©rid ^o. e/aoe lo egni/X ©rid nX n© 0 e y^Xeb© o^ora
.XX© d© dn©R©*iq don ^©r'XdojJo© ©q© Y®rid nl .agnXari m;r»t;ri rrX
anoK ariT , 0gB ji^iionavb© rfdlw 'lacmnn ni riaXnXfliif) od. 'i«©qqfl torit
.
®' 0ds'T©d tXdo m© iXoavI© ©rid ©‘lom ©rid ^egniiX ©rid bebriodetb
.(0d8X .•qada'’')
OBK-atB ns lo ©‘TtidoiridE
i''
,
( 08 ,^^!^) ©JbiR Ytf ©Mr ,«qjuo‘23 ni baQna'xrf© one eoea-niB vriT i
naiooocf Y^rid aqneeonq od eub dno' ^mno*! ‘leXi^onio ^X lean ni
»
I
-flattened (Waters, I860)* Each air-sac is divided by septa into
alveoli. The number of alveoli in one air-sac is from 5 to 20,
''
, I
with 11 the average (Ogawa, 1920). Waters (1860) quotes
'
i
11 !
'‘Rosslgnol as giving the number 10 to 20. Alveoli have an average
!|
''diameter of l/lOO of an inch (Howells, 1901) . The estimated
,,
il
i'number of alveoli is 725,000,000 (Howells, 1901 )
. |
11
There is no communication between the air-sacs of adjoining
j
'
i;
lobules (Waters, 1860; Miller, 1893) . As a proof. Miller states
jj
'that a fluid cannot be Injected from one bronchiole into another
J
I' There is no communication between adjacent air-sacs, or through ij
i
I
the walls of adjacent alveoli (Willson, 1922). So-called
I
‘"alveolar pores" are not to be confused with communication
between the alveoli (Miller, 1937) . They are openings in the
J
I
I
alveolar wall but are the results of some disease process where
the eplthellxim is shed on both sides of the alveolar septum.
I
j
The walls of the air-sacs and alveoli have essentially the
|j
I
same structure except that the alveolar walls are more delicate*
Alveolar walls are made up of a single network of capillaries
supported by yellow elastic fibers and a reticulum which forms
a basement membrane covering the elastic layer supporting the
epithelial layer.
I
The epithelium is composed of two kinds of cells, large flat
I
!
I
plate-like cells which cover the capillaries, and between them
1
1 small nucleated polygonal cells, singly or in groups in the
I
I
Intercapillary spaces (Dwight, 1919).
i| Miller (1937) says "... in normal lung, the epithelium
ii_
ocJirl \d h tlvlb I oaa-'iJtu
,o<7 Ou’ c*. rio-:‘l >3i Olio nJt IJoovIa lo •reo-.a/n eilT
e.-rJoirr. fOd€X) . (C2CX ,BAn>v)) »iiii‘TfVj& od."^ XX riJl-i'
fi}i,tvi9Vr CIA avaii XXorjv.C/. . 'S 'I lec-jii/n fff;j 3nlvXg ptn Xoa^jXeEoH
f": .t e.nrX:/ C' oriT . f X <*X ,«XXe*voH) donX rr.'j lo OOX\X aO
. ( X' 5 X < i^Ie^woH) / bX ILc.’vfp. *io iddroi o
3nX.rrX0f.dp Ic f-Ci-^a-rL Tn rraew^ad cr XXiioXnorrmoo on «* t .«»*TOflT
ae^iidfi 'xpXLX'.I ,'too*iq r. ?A , { .•xelX il4 X ^ •’'rdXft’* )
- 'fodcJonii oJnX ©.{oidt'no*Tcf f*no ac'fl nc*.-to'?f,n.t ocf :tofrnBO blui't p d^ri:?
riV;t;o'fdd *10 iaeosslbB nt^c^w.fecf rroidBOimrw.o on rX ^'lerfT
^rroaXXXA’) UoovXjb jn*'o «(./.'/? lo rrinV
nol^p.oimrtmjino rfdXw Jbe«0^noo od od don (^t£« “Beioc,- 'rBloe^vir "
9fid rX P5;nI‘ne'qo oift i^eriT . 'VeOf ^-lellXlff) Iloevla i^rfd noo^^tfed
o'ladv; amoc- lo cdXifaan odd ©'tb dnd XIsw *xaioovXj3
* ..•L'dqo« tbXoovXc lo bbIjIb ridod no bails al awllad^ilqo add
©£fd rilnidffet^r>s evBd "floevia haa aoiiS-'rXB add eXIbiv udT
.o^PolXe!.! emm a'ra bXXbw 'isfoevla odd darfd dqetxo a‘tx;:^oindB 'Mitae
BeiiBXilqfto lo >Howd9n aX^nXe. a qu ob/m ©la bIIbn 'ibXosvXA
emoi rioXdft- cjoItroXda*t £ bue Biodl'i oldeaX© (vollo^ bed»ioqqnfj
odd ;0ntd'ioqquo oidcaX© odd sniTovoo eaertcficom dnameEftCf a
.leYaX XfllladdMo
|•daI'^ r , si Xoo "Ic P-bnidf owd 'lo beeoqmoo el !WlI'i-d:tlqe ariT
modd noo-^doo' hrxp ^ ’'^X'l^'XXXqnc add ^lovoo doXriw eXXoo ajfXX-od/jCq
arid nX aqi/ois ni »io ''^Xj.n.te ,aIIao Xanogvloq bodBaloon (lame
» (eX€rX ,di^vjXK,<l) eooaqB 'C'TaXXXqro'iednX
rjrXX6dd.tt(3 erid ,3- nX XB!n*ion nl , . s\:aB (?cex) 'tolxXM
lining the alveolar walls is made up of thin flattened nucleated
I!
V
squames, which are closely applied to the alveolar wall* It is
!|
continuous epithelium*” 1
!i
,
'i
jl Waters (1860) states ”••• that the cells of the epithelial I
1
'
jl layer form a distinct and complete coating to the walls of the ’
i| M
!, air-sacs and alveoli and they rest immediately upon the basement .
{membrane.” Waters estimates the size of epithelial cells from li
I
I 1/3000 to 1/5000 of an inch.
j
I
The yellow elastic tissue forms the greater part of the
wall of the air-sacs and the septa between the alveoli* The
I
fibers are arranged singly or in bundles, extending in different
j
directions in the walls, allowing distention in all directions
I
I
(Miller, 1937) • They also give strength and support to the walls
I
and restore the shape of the air-sacs and alveoli in exhalation
(Waters, 1860).
Some of the elastic fibers are intermingled with muscle
'
1
I
fibers to form the myo-elastlc sphincters around the mouths of ji
j
the air-sacs. In the sphincters, the muscle predominates. The
muscle and elastic tissue is reinforced by white collagenous
fibers* Although muscle tissue is found in the edges of the
' larger septa that separates the air-sacs from each other, it is
rare in the smaller septa* ”The prevalent opinion now is that
the wall of the alveolus proper contains no muscle" (Macklln,
' 1929). (Also, Miller, 1937).
The capillary network is supported by the elastic fibers
which do not form a complete layer over the capillaries and
|
h'oct/jolt: un n.lr/u "Xo qt; €f/>eia r*.t eIIjbw iflloevlo <9ri»i jj/’r *i:
el oI "CEloftVlft ijfi;? Ovt ballqqB ^XecoXo ois cLolr{\^
’*
.‘ttjlXen'^Jlqe RiJounX^noo
\c) riXftc ojI;) ^ncia . , . '* ro.3js;J6 CoGRI) •^•iftctnVr
^fiS 'lo r. riEiv rrl^ o:f jn-tctsor) biw rtonXXpi*) a m'lol 'te'^al
jn&iii<-iRarf ' noqi/ ^£ft;^cXbf rc-: Xco*! \;,9rt.-t frrn Xloovla bn^ ‘»cflE~rrXtt
wottI rX Cot- XalXarf.-tlq-^ lo ‘'Sle erii ae;JixinX;t k© ’’
.
.ftoriX rra *lo OOOa\l .:>:t OOOAl
orf^J ‘io 'iddflO'i^ ©jrfct cnriol ©xfenlX oii^s^Xo KoXIe^
srlT .Iloevla ©rlX noewXetf actq^a ©rfa bna eofie-^tXa srii lo XI ew i
!
Xncj^allXb ni .i^/'XbxiaJXo ^a''-Xbnjy’^ ryl *io ^CanXe bo-^nB'i’XA efrofll
;
• ncttfOt^Ib £Lb nX ffoX. ndXcXb gnX^foXJp ,nllaw odq nl efloiXoe.'xlb
rIXew ©fi? o? cf'ioqqiTK bfra d?gn&'i;;r. ©vig oaXa voriT . 'V5*"'f
(<
1 noX^J^aX^iJirx.© nX IlofrvXa bna ibae-iiji eriJ "lO ©qiiffp :>fld bna
. -^X
,
©loer/^ rfXlir bfiXgntim:e;?ni e*iB siedil oiXeaX© ©rid *Xo eino£
V iO erloifofl* f.fv^ bnuo'io aisd ©/iXrfqK oidR^Xa-o^m nrfo^ o* eiadl'i
©rfT
. “.©Xb/i tP!ob©*iq eXoeJiw ©/iX
,
a':©XnrTtrfq8 oriX tfl .. cae-Tia eriX'
!i:/ons^aXXoo ©:JXiiw >rtf ber'toTftXe'i eX ©tfeeXX ©ideaXe bra sIXEirer
t>r(X lo 0 ©gb-' ©dX nt bnsjo't ei ©jL'aaiX ©Icex/ra dgi/oddl;, , .•<©dX',
ei XX .^ariXo r.oc-^ 3io:i .T©ft8-*iio ©rix eeXartaq©© XadX aXqap.
I XadX si won noinXqo Xn^Xnvenq ©rf*!’' .aXaee 'teIXaj'ng ©ciX nt orra*!
'!
.
,r:iX?(onM) '^©Xofetjm on enlaXrroo qoqoiq PDloPVlft ©rfX lo XXaw ©rfX
.(V&eX ,obXA) . 'eb‘9X
Greed XI oiXe«X© ©dX \;d boX'Soqqi/o gX >frrowX©n v^aXXXqeo edT
bna rioXnBlIXqao exlx »r©vo igybI eXeXqcioo a imol Xon ob rioXffw
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therefore do not interfere with the oxygenation of the blood*
They form a single dense network exposed to the air of two adja-
cent alveoli. The capillaries are so close together that the
space between them is generally smaller than the diameter of
the capillaries themselves.
Diaphragm
The diaphragm is a dome- shaped transverse muscular septum
that completely separates the thoracic from the peritoneal
cavity. The central tendon is the highest part of the dome and
all the muscle fibers are inserted in it.
The diaphragm is attached to the first three or four lumbar
vertebrae, to the costal cartilages and ends of the lowest six
or seven ribs, and to the posterior part of the ensiform appen-
dix (Howells, 1901),
Mechanics of respiration
Before air can enter the lungs in Inspiration the thoracic
cavity must be enlarged. The radiating muscles of the diaphragm
contract, causing the diaphgram to flatten. This increases the
length of the chest cavity. Pressure is reduced and air from
the outside goes into the lungs. The thorax is enlarged also
transversely and from front to back. This is brought about
mainly by the action of the intercostal muscles. The ribs are
hinged at an oblique angle to the vertebral column, and this
angle changes according to whether the intercostal muscles are
contracted or relaxed. When contracted the muscles act on the
,1 I
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ribs, the angle Is straightened somewhat, and the sternum is
moved forward. The ribs are moved outward and upward.
During expiration, the diaphragm relaxes and moves upward,
8-nd the intercostal muscles relax so the sternum and ribs move
downward and inward. During forced expiration the abdominal
muscles force the abdominal viscera against the diaphragm.
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Pig. 78*—Schematic longitudinal section of a primary lobule
of the human lung, showing the relation of the blood vessels to
the air-spaces. BR, respiratory bronchiole; D AL, alveolar
duct; A, A, A, atria; S AL, air-sacs; ART, pulmonary artery with
its branches to the atria and air-sacs; V, pulmonary vein with
branches from the pleura (1), from the alveolar duct (2), and
from the forking of the respiratory bronchiole (3).
(From Miller.
)
Pig, 79.—Scheme of mammalian
lung structure. B, bronchus;
I , Infundibulum, lined with al-
veoli ;AD, alveolar duct;
PL, bronchiole
.
(From Walter.)
Pig. 00.—Terminal bronchial tube
and air-sacs in human lung. A,
terminal bronchial tube; B, di-
lated extremity of terminal
bronchial tube ;C,C, individual
air-sacs. (From Waters.)
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Pig. 81. Comparison of vertebrate lungs, B, bronchus; S, air- sac
A, atrium; BB, air-bag (in birds); TB, terminal bronchus ;V, vesti-
bule; P, air-sac passage; A, artery; V,veln, (Prom Miller,)
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Pisces
The first evidence of true lungs appears in the Dipnoi,
in the so-called air-bladder. These fishes normally use gills
for breathing in water. They use their lungs when the water
is scarce or impure.
The lungs are developed in proportion to their use. Since
Ceratodus lives in water even in summer, it has well developed
branchial system, but a single lung divided into air-sacs.
Protopterus which buries itself in the mud in times of drought
cannot use its gills and needs better developed lungs. They
consist of paired sacs, with the anterior ends spongy and no
atrium present. The posterior parts are just lined with air-
sacs, leaving an atrium in the center. Lepidosiren has the
most degenerate branchial system and the best developed lungs.
They are similar to those of Protopterus but the unpaired part
is more spongy and more vascular.
Amphibia
All adult Amphibia possess lungs except a few salamanders.
The Perennlbranchiates
,
permanent water dwelling, bear
gills all their lives. They have simple poorly vascularized
lungs with thin walls and^o alveoli.
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Most Urodeles have paired lungs with smooth walls or just
an indication of septa made by intersecting lines of cilia.
Among the Anura, the frog lungs show the highest degree of
development, They are divided by septa into chambers that open
into the atrium. The septa are highly vascular, having a double
network of capillaries, each exposed to the air of one alveolus.
This has the effect of doubling the respiratory surface. In
toads, the chambers are shut off from the atrium by additional
septa along their margins. The air-chambers are more complexly
divided to meet the requirements of the more terrestrial life.
To supplement the relatively simple lung condition all
Amphibia practice cutaneous respiration. The capillaries are
very abundant in the skin, and carbon dioxide is transferred to
the surrounding water. The oxygen is taken in mainly through
the lungs
,
In addition, bucco -pharyngeal respiration takes place in
most Amphibians, either in the air or water. To facilitate this,
the linings of the mouth and throat are very vascular.
I
There la one example of a tracheal lung in Typhlonectes
!
jwhere there is a respiratory surface along the passageway betweer
the lung and pharynx.
Lungs have a hydrostatic function in some salamanders.
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Reptilia
In addition to more highly developed lungs, Reptilia have
several respiratory aids such as a nasal passage, a well
developed pharynx, larynx, and trachea. It is the first group
to show a real distinction between the conducting and respiratory
tissue. The bronchi divide to varying degrees and in some
cases approach the mammalian bronchial tree.
The bronchus in Heloderma suspectum extends to the posterior
air-sac, Along its sides it is perforated by the openings of
the air-sacs. In Varanus, the crocodiles, and the turtles the
main bronchus has secondary and further subdivisions which lead
to the air-sacs. In snakes the bronchus is a semi-cylinder.
The typical lizard lung is characterized by its simple
sac- like structure, large atrium, and the honeycombed appearance
of the walls of the sac. The atrium of the lung becomes smaller
as the lung tissue increases. For example, in Sphenodon the
lung is a simple sac and the atrixim large; in Heloderma
suspectum the lung tissue has increased leaving the atrium
reduced to a narrow tube; in Varanus, the lung is spongy
[throughout with no atrium present, Varanus, in these respects,
has the same characteristics as the crocodiles and the turtles.
The latter has a well developed lung except for the last chamber
which exhibits all degrees of complexity.
In a few lizards, flnger-llke projections extend from the
lungs into the viscera. These are more protective than
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respiratory in function as they allow the animal to puff itself
up.
The snakes show more variation In their lungs. The
anterior third or less is well filled with finely subdivided
air-sacs. The posterior two- thirds is simple with air-cells
not grouped into air-sacs. The left l\mg (as in some lizards)
is rudimentary suid may or may not be functional. Sometimes it
is absent altogether. In a few snakes the two lungs are equally
well developed, but the left is generally shorter. In pelagic
serpents, the entire lung is spongy although less so in the
posterior part. The whole respiratory surface is lined with
cilia. This better developed lung in pelagic serpents is an
aid to respiration and floating.
The tracheal lung is a structure found in reprer’entatives
of most orders of snakes. It varies in structure, location,
and connection with the lung. It may be an aid to respiration
or buoyancy, but in other cases has lost its utility.
The capillary network in the septa of the alveoli is double
as in Amphibia.
Although there is no diaphragm in Reptilia, the lungs in
Che Ionia and Crocodllla do not project freely into the body
cavity but are checked by folds of the peritoneum.
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Birds
The lungs are small in comparison to the size of the bird.
They are very porous and spongy, light in weight, and fragile.
They are very vascular and the blood is freely exposed to the
air. The question of the presence or absence of epithelium
lining in the alveoli is unsettled, with some authorities be-
lieving that although it hasn*t yet been demonstrated it must
be there.
Each bronchus continues through the lung and is called
the mesobronchus. This divides into secondary and tertiary
subdivisions, the latter giving off parabronchl which correspond
to bronchioles in mammals.
Some bronchial tubes end in sac- like structures called
air-sacs. They are permanently distended with air to some
extent. Their walls are thin and non-vascular . Due to the
latter fact they are not respiratory in function, but are aids
in Inspiration and expiration, When the bird exhales, relatively
fresh air from the air- sacs return to the lungs by way of the
recurrent bronchi. In Inspiration, the supply of air is renewed
in the air-sacs as well as in the lungs.
Prom the air-sacs, long narrow extensions pass into the
bones and other tissues, making them pneumatic. This condition
has to do with weight, flight, etc, rather than with respiration.
Birds are a link between reptiles and mammals. They have
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a well developed bronchial tree, the beginning of which was
evident in higher Reptilia and its ultimate development reached
in Mammalia. Up to the time of a complex bronchial tree, the
lung surface Increased by continuous subdivision of the walls
of the air-sacs into fine units. Beginning with an intricate
bronchial tree, the surface Is increased by more numerous and
finer ramifications of the bronchial tree.
Mammalia
The characteristics of the lungs of all mammals are more
I
or less the same, namely, a much divided bronchial tree, and
|
I
lung tissue that fills the whole lung cavity leaving no atrium.
The only marked difference in structure in the group appear
in mammals that have adapted themselves to life in the water in
contrast to the majority who live on land. The former have a
more highly developed cartilagenous tissue, with rings complete >
dorsally, thus withstanding pressure equally on all sides. The
air-sacs in aquatic forms are much larger: for example, in the
manatee the largest measure about 6 mm. long by 1 to 2 mm. wide;
j
in whales they vary from 4.71 mm. to .90 ram.; whereas in man
1
from 5/100 to 20/100 of an inch. In water forms, the septa
j
between the alveoli are very thick and contain a double network
^
1
of capillaries, but in man the septa are thin and have a single
I
1
network of capillaries. Epithelium definitely lines the alveoli
j
in man, is probably present in the manatee, and seems to be i
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lacking in Cetacea. The pleura is much thicker in aquatic
than in terrestrial mammals.
Diaphragm
The diaphragm plays a definite part in the mechanics of
respiration only in Mammalia. In Chelonia, Crocodilia, and
Aves there are certain septa sometimes referred to as diaphragms
Although these may he forerunners of true diaphragms they take
no part in respiratory movements.
Ribs as an aid to breathing
The mechanics of breathing are aided by the work of the
riba and muscles. In Amphibia where ribs are absent air is
swallowed in inspiration and expired mainly by the contraction
of the body muscles. Ribs appear in Reptilia and are an aid to
respiratory movements in all divisions of that group except
turtles where they form a rigid box. In snakes, ribs are
attached to the entire length of the backbone. Only the ante-
rior ribs are used in respiration except in pelagic serpents
who use the entire set. Aves, when not in flight, are aided in
breathing by the work of rib muscles, but during flight these
muscles are rigid. Mammalia use the ribs and Intercostal
muscles in Increasing the width of the chest cavity.
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